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PREFACE

Neutrino interactions have been observed at energies below a few MsV

and in the GeV range. The Los Alamos Meson Physics Facility offers the

first practical opportunity to study neutrino reactions at intermediate

energies.

The neutrinos originating in the LAMPF beam stop have a typical en-

ergy of 40 UeV. This energy is below the threshold for producing muons

and pions from muon-neutrinos. Electron-neutrino interactions can there-

fore be studied without interference from the muon-neutrino processes

which dominate neutrino events at the high energy synchrotrons. Compared

to reactor experiments the higher energy of the neutrinos is a distinct

advantage, for it implies higher cross sections and some improvement in

background rejection.

One may envisage a varied and serious program of neutrino experiments

at UMPF. This program could include a test of muon-conservation, a meas-

urement of neutrino croes sections on chlorine with implications for neu-

trino astrophysics, studies of giant-resonance and exclusion principle

effects on inverse-beta decay reactions with nuclei, snd elastic neutrino-

electron scattering.

All these experiments have in commnn the following features. They

can use the LAMPF beam stop without modifications as a neutrino source;

they require a well-shielded counting room and some five to six meters

of iron shielding between this room and the beam stop. We feel that such

a general neutrino facility is very desirable as it would permit investi-

gation of a number of fundamental questions in weak interactions and in

astrophysics.
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LAMFF NEUTRINO FACILITY PR13POSAL

by

R. L. Burman, H. Chen, D. R. F. Cochran, C. Cowan,
K.

v
D. Negle

I. INTRODUcTION

- Davia, E, Fenyvea, E. Fowler, H. Frauenfelder~
Hughes, W. R. Kropp, K. Lande, S. L. Meyer,
P. Nemethy, D. C. Potter, F. Reines, and H. Uberal

The advent of LAMPF makes practical the study

of electronic neutrino interactionao An intense

source of Intermediate energy Ve occurs at LAMPF aa

the end product of a chain involving pion production

by protona in the LAMPF beam stopper and subsequent

pion and muon decay. We estimate that 1/2 ma of

incident protons gives rise to 1/4 x 1015ve/sec with

energies between O and 53 MeV. The V that accomp-
U

sny them do not have enough energy to produce muons

and so by the presently accepted form of the lepton

conservation law are sterile.

The other terrestrial neutrino eources are

fission reactors that produce ~e(3 x 1013 ~e/cm2/see)

with energies - 3 MeV,and high energy proton accel-

erators (AGS, CERN, Serphukov, and NAL) that pro-

duce neutrino beams predominantly muonic in charac-

ter. The fiaaion reactor presents the difficulty

of looking for low energy secondaries %n the pres-

ence of naturally occurring backgrounds. The in-

crease of neutrino energy from the 3 MeV typical at

reactors to the 30 MeV at LAMFF increasea neutrino-

electron cross sections by one order of magnitude

and neutrino-nucleus cross sections by two orders

of magnitude. In addition,the problems associated

with natural radioactivity backgrounds decrease

enormously because of the increaae in the energy

of the interaction secondaries. The high energy

accelerators, in addition to the muonic nature of

their neutrino source, have neutrinos (Ve and vu) of

such an energy that the inelastic processes (produc-

tion nf v, N*, etc.) swamp the elaeti.c and charge

exchange interactions. The LAMPF neutrino program

complements those at high energy accelerator (NAL,

etc.) in that LAMPF aims mainly at a study of four

fermion interactions,while the high energy interests

are directed toward Intermediate boson searches and

inelastic reactiona. The major source of Ve in the

universe is the stellar fusion procese. Although
10

we receive - 6 x 10 ve/cm2/sec from the sun, the

low average energy of these neutrinos makes them

difficult to detect by any known direct counting

technique.

II. PHYSICS

The availability of Ve at LAMPF will permit

the investigation of a number of fundamental ques-

tions in weak interactions,and will illuminate such

basic astrophysical phenomena as stellar evolution

and supernova explosions.

The areas of investigation that have been sug-

gested for the initial program are: neutrf.no-electron

interaction, determination of the form of the lepton

conservation law, search for anomaloua neutrino in-

teractions, study of neutrino induced nuclear inter-

action, and study of the solar neutrino detector.

A. Neutrino-Electron Interaction

A most important question is the observation

and study of Ve+e- scattering. This (and the

equivalent ~e + e- scattering) is the only diagonal

purely weak interaction that can be studied and

aa such is not restricted to the same coupling

constant as the nondiagonal weak interactions. 1 It

ia alao the only other purely leptonic first order

weak interaction other than muon decay avail-

able for study.
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The cross section for this process is predicted

by the universal V-A theory to be2

2 2EV2
u(ve+e-) = $Me (~).

For Ev >> Mec2

2
U(ve+e-) Z~MeEv .

The critical questions to be answered by this

study are:

1. Does the process exist?

2. Is there any anomaly in the value of G?

3. Ia the energy dependence linear?

4. What is the shape of the electron recoil

spectrum?

Not only is this interaction fundamental to

weak interactions, its existence and rate are also

very important for the understanding of energy trans-

fer mechanisms in stellar evolution3 and supernova

formatiOn.4

B. Lepton Conservation Law

The presently available data are consistent with

four different lepton conservation laws. If we

assign Le = +1 to e- and Ve, Le = -1 to e+ and ~e,

LD = +1 to p- and v
P

and L - -1 to D+ and VU then
P

these four possible lepton conservation laws can be

summarized as:5

1. XLe and ELU separately conserved;

2. X(Le + LU) and (-l)ne (-l)XLp separately

conserved;

3. Z.(Le + 2LP) conserved, and

4. X(Le - LU) conserved.

Because of the characteristics of the T and u

decay the LAMFF neutrino source is ideally suited to

dietinguieh between these four possibilities. Ver-

sion (1) (additive law) permits only p+ + e++ve+

VP while version (2) (multiplicative law) also per-

mits p+ + e++;e+v The observation of ~e from
P“

the LAMPF beam stop would indicate the validity of

the multiplicative law while the absence of ~e would

eliminate the multiplicative law from contention. 6

Version (3) is indistinguishable from the addi-

tive law if there are only two leptons. Version (4)

(subtractive law) would give rise to anomalous VU

interactions.

c. V Interactions

The IAMPF beam stop produces monoenergetfc v
P

from the decay of stopped pions, n+ + p+ + Vu (~ -

30 MeV), and muonic anti-neutrinos with O s E S
P

50 MeV from u+ decay. These Up are energetically

incapable of producing muons in either electron or

nucleon interactions. A most surprising and spec-

tacular situation could arise if the vu produced

electrons in electron or nucleon interactions. The

two-body kinematics associated with 30 MeV v would
v

make this process readily recognizable.

D. Neutrino Induced Nuclear Interactions

The neutrinos generated in the LAMPF beam stop

can only engage in elastic or inverse beta decay

interactions with electrons and protona since they

are not energetic enough to produce muons or pions.

In interactions with nuclei, however, they can in-

duce nuclear transitions via the inverse beta decay

interactions. 7 These transitions involve energies

considerably larger than are usual in beta decay

and can excite states that are not observed to beta

decay, and so may permit the study of the transi-

tion matrix elements involved in regions not pre-

viously accessible.

E. Study of the Solar Neutrino Detector

The search for solar neutrinos via the reac-

tion Ve + C137 + Ar37*+ e- has established an upper

limit for energetic Ve from the sun considerably

below the predictions of present solar models.g

LAMPF provides the only terrestrial Ve source cap-

able of producing this reaction and might provide

a verification of the sensitivity of this detector.

Such a verification would enable one to set an

upper limit for the temperature in the interior of

the sun considerably below that obtained from the

present solar models and might eventually challenge

the presently assumed mechanisms for stellar energy

generation.

III. EXPERIMENTAL FACILITY

Pions are produced as the protons slow down

in the beam etop. About half of these pions in-
+

teract before coming to rest. The remaining T

decay at rest into p+ + vu, and the resulting I.I+,

in turn decay into e+ + Ve + VP. Most of the T-

come to reet and are captured by nuclei. About 1%

of the stopping TT- decay, giving rise to P- that in

:

..
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turn come to rest and are captured by nuclei. The

ratio of p- to u + decaya la z 1/7000, ao that vfr-

tually the only neutrinos emitted by the LAMPF beam

++
atop come from the T + P decay chain. We estimate

that one we is produced for every twelve protons in-

cident on the beam stop.

The experimental facility la simple. It con-

siata of masaive shielding between the beam atop and

the neutrino detection apparatua.to abaorb the radi-

ation associated with the beam atop region, and

shielding around the detection apparatus to attenu-

ate cosmic raya and scattered radiation from other

experimental areas. We eetimate that five metere of

steel will attenuate sufficiently the beam stop rad-

iation end that 1 to l% meters of ateel will serve

as an adequate encloeure shield. It should be em-

phasized that this facility doea not require the

magnets, horns or other beam traneport apparatus

characteristic of other accelerator neutrino facil-

ities. The entire facility conaiete mostly of

shielding -- some arranged to form an experimental

enclosure and some located between that enclosure

and the beam atop. An enclosure about eix metere

equare and about five meters high appeara adequate

to accommodate the preeently propoeed experiments.

A convenient location would be the area immed-

iately couth of the main proton-line beam dump. Fig .

1 ahawa a schematic outline of the facility; it fits

without modification into the current beam dump de-

sign. Most of the 5-6 meters of direct shielding

steel is already present aa part of the beam dump.

The reet of the direct shielding end a poseible en-

closure, also constructed of eteel ehielding blocks,

is shawn by the dashed lines in the drawing.

A typical neutrino detector would coneiet of a

target containing about 0.3 - 1.0 x 1030 protone,

and an equal number of electrone. For a we + e-

croas section of 6 x 10-43 cm2 end a flux of about

108 ~e/cm2/aec, we have about 2 to 6 i.nteracthm

per day or probably one observed interaction per

day. If the beam stop aleo emits ~e (due to the

multiplicative law, for example) we expect about 102

titnee ae many nucleon interaction ae electron
t

interactions.

Becauee of the emall croae sections inherent in

c neutrino interactions end becauee of the interrelated

nature of the contemplated experiment it ia antici-

pated that moat of these experiments could be done

. . .

in parallel. AI.1 the experiment, with the exception

of the C137 experiment , can, in principle, be accom-

modated by a eingle detection apparatus.

The prime problem in the establishment of the

neutrino experimental area ie the construction of a

suitably shielded enclosure. The construction and

testing of this aree will undoubtedly require a con-

siderable period of time, and will be a major chal-

lenge in the exacution of these experiments. The

running time for the propoeed program of experiments

is dominated by the important We + e- scattering re-

action, because of ita relatively smell anticipated

crose section. Since the neutrlno-nucleon cross

aectiona are ~ 102 larger the data necessary to meas-

ure thoee reactione should be available in a signifi-

cantly shorter time.

R BEAM STOP’A’

Pm

l---v----f’ ““

L’116” 3’

Fig. 1. Plan at beam elevation 6972 ft.

IV. SUMMARY

The propoeed IAKPF neutrino facility would per-

mit the investigation of an almoat virgin area of

phyaica that is of prime importance both to the under-

standing of weak interactions and to stellar evolu-

tion and energy generation. The required experimen-

tal facility is simple, consisting of a shielded en-

cloaureo Since LAMFF i.a the only accelerator with

the characteristics required for the etudy of Va int-

eractions aa well as the other fundamental questione
. .

J



outlined above, we strongly urge the establishment

and support of such a facility at LAMPF.
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APPENDIX

NEUTRINO EXPERIMENTAL PROPOSALS

,.

PHOPOSAL lNF0N4hT10N
No. 20 - “Neutrino Experiment, ” B. Hahn, Spokesman

G. Czapek, B. Hahn, and P. G. Seller, University
of Berne ncmm Area: v-area

WSF.f.scN PS0T6SNJ

WS AmKX HSSON PNYSICS FACILITY

v-ExP13UNSNT
——

spokesman! B. Hahn

C. Czapek, B. Hahn, and P.G. Sailer

Phyc.ic8 Department, University of Bern.

June 5, 1971

Original forS2S
March3, 1970

SUMMARY OF EXPCRINC~T

It in proc-osed to carry out a neutrino phys!cs progrmmnm,

which ailc’w to study with the same apparatuc:

a)

b)

c1

Lcpton conservation law

inverse a-decay on various target nuclei md

neutrino-electron scattering.

Tho detectorin made out of modules containing each l“masn-

less” multlwire counter, 1 ‘massless” optical spark chamber

and 1 tc.rgct. 0“. iwd”le has dimensions of 200 cm x 200 cm

x 10 cm. 30 modules arranged in one row and fanod-out for

photography will be used. 4-5 fold coincidences between suc-

cessive multiwire counters trigger the spark chambers. Tho .

multiwire Counters are also u.ed to measure ionisation. The

counting rates of good events will & of the order of 1-10

events p+. day at ~PP. Anglo and rmnge of the particles can

bc determined. Additional information comes from multiple

scattering. The tarcjot material will be C, CH2, H20t D20, Al.

C12C4 etc. The detector will be placed at 90° tO tie ham d~p

and behind approximately 8 m of iron shielding. A massive block-

house arround the detector in required against cosmic background.

A quantitative #tudy on the cosmic background, which im induced

by energetic neutrons with ● scaled down mat-up Is under way. Thnmo

measurements will allow to detemlne the dimensions of the block-

house. A cec.nitcy-memon veto countar with a vmto factor of 104-

105, possibly .s liquid scintillator 8UrX0Un*9 tha WP.SratUS

will ba a neceseity. our tmdel apparatus ●lso will ba exposed to

35 WV a2actrons of ● batatrc.n atBerm,In order 40 got ●xpari-

● cem. fin on Iina comput. r 18 used fordata●quimition snd dmtmc-

tc.r control.

B&m. Rcquirmc.”t.g$

TYPO of particle: proton,

Nomcnkum R.snyo$ 700 + 800 MeV

Intensity/ Maximum possible, , 600 Y8

Target(.)! Dump

Running Time Required,

Inatallatio” Tim@ I@q”ired (no beam

Data R“ns$ Co”tinwws 1 year

~ ,nwnt.hs
sh~ltiiTC$TS ,4#nRo,YN1661f4!3bq~

Schedul lnqi

Realistic data where User will have the nOn-LAnPF npparat”.

ready: January 1973 + ~d~y l~vg

Major LAMP? Apparatus Required:

Computer: on line Computer HP 2100

Electronics: standard fast electronlcm, power supplies

Shielding a“d E“closurcs Requircd$ v-shielding, block-house,

hole in experims”tal floor

special service. Requir=d: Commi; ray ahleld (?”$)

Space Req”ired8
.

~ 50 m2 + ●pacm for alectronica and on linm computer,

. 12 - 15 rack-

Special apnarat”s to be fabricated by LAMW

1) b-mm dmp

2) 8 m of Fe shielding, 4 m high, 4 m wide

3) hole in experimental floor, 6.5 m Io”g, 6 m

wldo, 3.5 m high

4) shield mgainst charged cosmic ●nd machine background

1. Introduction

The intense proton beam of LANPF ●ft.r traversing several

thin and thick tarqcts finally will be stopped almost at

itsfull energy amd with approximately its half primary inten-

sity in a beam dump and provide an almost point-like source

of medium energy nmutrln.as. The greatest lntere. t will be on

the electron neutrinos of v+-decay. ‘rhe neutrinos have a maxi-

mum energy of 53 MeV. This energy range 80 far has not been

acce.ssable to experimental investigations. This range lies in

between those of antineutrinos and mutrlnon of reactors and

the sun (. 10 MeV) and “eutrinom from proton synchrotrons

(? 500 Mev). The m?utrlno intensity will ammnt to several
~ol’

neutrinosfsec with isotropic angular distribution. The

contamination of neutrinos from u--decay will be negligible

due to the Mgh capture rata of .- and p- in atcmlc nuclei.

Xuomeutrtnos from .- and u-d=cay have energies beln the

threshold of u-production. The neutrinos fmm p-decay will bd

txqoxtu.t in savaral rec.pectm to study weak interactions.

5



1.1. LePtOn Conservation 1.4. Experimental Tochniquq

v+-decay is so far the only pure laptonic process which has

been acccssable to the oxporhnent. All information on “-decay

resides on observations done cm the decay positron. Nothing is

knohn exporInmntally on the nature of tha aceompaning neutral

particles. Thcna are mostlikely v=-~p-pairs or ~e-. p-pair..

The Oecond pascibility with ‘interchanged” neutrinos corresponds

with the multiplicative. lcpt.an conservation law ● s ithas been

formulated by Cabibb.a and G.ttc.1)2)
and by Feinberg ●nd Ifein-

borg3) 4), Experimontal upper limtts with re.pect to . multipli-

cative lepton conservation law hava been given deduced from non-

observation of muonim-atimuoniw-rnnversion 5) from the pxocesm 61

e-+ e- * p-+/L-

and from the pr.aces.es7)8)

yp+z ~2+e--l/&++ve

All these experiments, kwwever, so far arm not sensitiva enough

to detect ● coupling of the strength of ths univer!ml weak intar-

.Cthl’) .

Xn the proposed experiment ;e should be detected by tbe procens

U. 4P - n+e+

par formjng ● CN2-C dlffaxenc. ~asurement.. ~m mhould ba detected

in tha pracems

V=+ d * /14/3 +C-

perfofing . D20-N20 dlfferenca MSsuremot.

1.2. ve o--Scr.ttering

The simplest process in weak interaction is the elastic

scattering of elactron neutrinos on elect ronn. This Pco-

cess has recently been discussed in the frama of ● madl-

fied weak interaction theory by Cell-Mann, Coldberger, Xroll
●nd ~wl,o)

The coupling in m-= scattering could deviate

from universal coupling. SOn!a evidence f.a= the occ”rence of

;--= scattering has been ●nncw”ced recently at a reactor-
111

experiment . From tha ClX7N 1964 neutrino oxperi!r.snt
12)*

up2mr limit for ● coupling constant Gv ,e of Gv ,m . 6G ( G -

coupling constant of 11-decay) with 901 co” fi?ence has been

deduced .

The ●strophysical iqortanco of v-a coupling and its exparimen-
13)

tal ●vidcnce has been discuaned by Stothars .

14) it ~, expected that KCO1ldCCtK.ns● roIn .-n scattcrhg

●jectkd in a forvard cons. The scattertnq crons #action mumt

ha PrOPOrtlOnal to the clactrtc charga of tho target nucleus.

1.3. N=. tri!to Nucleus Scattering

60 far inverse ~-decay has been obnervad only on free protons

by using reactor .ntlneutrinom
15) 16) .

Zlaborata atempts to dm-

tect neutrinos from tha sun by the reaction

V=+ C(37- A37te-

so f●r hava been onmuccaosful. At proton synchrotrons, howw=r,

in thw multi<ev enerqy ranqe ●lactron nautrino nuclaum roac-
15)

tlotm have been ebn.rved, tha nwtrlnom #t8nm!inq from XO, -dacay .

In th. anorgy xanqa up to S3 N& tha ne”trino cross mections

On nuclai will mtrongly depend on nuclear structure. The Cr.2S8

sactions will depend on tho dogrce of the allowe”ca of the

transitions. Maaawenmnts with I“termxfiato mmrgy ncutrino.

On nuclei will be of qrcat hpmtanco with re.pact toneutrine
19)20)astrophysics .

The expacted Went ?atem will b. small (a few, or savoral tan

events per day, depo”ding on tho process) won with ● multltm

detector. The neutrlno exp.rlment therefore req”i rem c.anti-

nuous runnl”g during ● l.mq period. Tha interference with oth.c

experiucnts of ● pie” factory will ba small becaumo the oxperi -

rent ● can ha done with the remaining proton b=am f●l1ing into

tha beam dunq. The average beam l“tcn.lty, how.v.=, should ba

rkmve S00 vA. The mhielding problem against neutrons, pious

C0min9 f rOU the machine, Mu dump ●“d from COSmlC radiation

will be a major problem to k solved. Thm exporhe”tal set up

for thm detection of th. electron. or ~.itrons must b. fully

automlsed and the experiment must h done with ● computer on

line fOr data ●quisltion and detector ~nttol . Tha evant, “i~~

be photographed in optical spark cha.nhrs and Inwmdiat.ly pra-

mcanned.

The project must be .tarted not later than twoyears in ●dvancm

to the ●ctual experiment in ordar to ●now U. ~nstr~ction ~f

thelarqadetactor ●a well ●m the anticounter system ●nd thw

shielding.

A prestudy with rmpectto cosmic bckgrowqd and tlm parformanca

Of ● modal detactor 1, undar study. Recoil prc.bm, ●nd pim p~-

duction from comic nautrons is invastiqatad and th. md.1 ●ct up

is ●xpomad to an ●lnctron imaa Of 40 NW ●nezqy of a b.tatron.

2. Neut rino 2’lux

NautrinOO ●re produced in the follwing way

+
St”ce .+ a“d V will de=ay at rest, vM will be below th*

threshold for v-production. In order toestimate thm nmber

of stopped muons tho probability for Pion production by Pro-

tons must ba known. Slnco the production cross mectIons ● rm
213 ~iqht targets ● .q. -Zi=n OZ

xouqhly proportional to A ,

water are preferable. Furthermore theloss of positive pions

by tha charge exchange procenm must ba conmldermd. Tharefora

the encrqy spectrum of the produced pions must b known too.

2.1. Tha Production of Positive Plonm

Tha total cream saction for tha reaction

p+c - r+ +..
in dep.ndmtca of the proton primary ●n.r$, is qlvan in the li-

taratur8 only inmmplataly. One findo in

7
E/s 6~*

35o M.V 55 mb

450 M.V u.+ mb

L60 ~ev %? 9 mb

If one takes for the total crom aactlon, by uting tha data

the number of positive pionc per proton 1700 HOV) , ttiinq intO

●ccount th. ionisation enerqy loam of tha protons in thm taruat

(c, .ppfoximatoly 150 9/cm21 •~wt- to

nx+ /p - 0.15

with a proton beam of 500 VA the piOn intencitY wfll *

6
I



2.2. Tha Production of Positive Muons ●nd Neutrinos r..antil.pton.M (E) -$ E’(+ -E)

‘

.
.

Tho enerqy c.pc.ctraof the pions in tho fozw.rd dlraotic.n ●r.

given in23) . BY averaging tha apactra for tho off active proton l% kinetic energy lien inbotwoan

anargie. o“e finds the energy mpectrum of tha pkns. Thim spso-

tmaIsshift.d to higher enerqias rel.tiv. to the tru. .p.e- (96.E”..~

trum. Since pions omitted ●t larqs anglen hava smaller ●norglas

than thooe emitted in the forward diraction, tho caleuhtad Thm average energy of the laptonm 18 wnuller than tlm

plon loss 1s overastfmated. For tha cross #action of tho xaaothi averago energy of tha ●ntiloptonm. TI!m nautrinom will h

X++c -9 T“+ ... emitted .Isotropical lY with respect to tha laboratory system.

4. Neutrino Nucloua crone Sections

4.1. In General

22) thim -wt. tO a piOn 10S9Toqether with the data of Conmldcring the scattering processem

of approximately 30 b. The astlmatad intensity for pcmitivo muons (1) Oe+K-e-+k,
than is

(z) V=+ U+ C!’4KZ

I (p’) * 3. fo’4/u+k whereby K, xl, X2 ●re complex nuclei. One flnda ~OIOiOUS tO

the FarmL-theory of b-decay for the cxosm ●ectlon 26) [Fig. 2)

s- 4.00. ‘fo4”
E= p. C<m’]

3. Lepton Conservation and V+-nacay f iv,

where Ee is the kinetic .n.rqy of the el.ctron in MaV, pa 1s

3.1. Lepton Conservation the mmmtumof the electrons in HeV/a, ftl/2 is tfm ft-value

of the s-dscay 1

Ba8ed on experlnmntal observations and on theoretical ●rgumnt.m 1)2)

3)4) K, - K+ve+e~ for Cl)
● Iepton co”sarvatk.n law can ba formulated in several ways

Ualng the followinq daf lniti.an for Lo and LW i k .+ E+<+ e- 4.,(2)

T
article L=

ve,e’ 4

tip,p- o

V=, e+ - i

~,p+ o
others o

peCe corresponds to the phase space factor for the considered

Lb ‘Catte=ing process “ ftl/2 is invcraly proporticmal to the

tra”sitio” matrix elencnt of the nuclei [X-Kl, resp. X-K2) .

0 The neutri”o nucleum scatteri”q croms ❑ection i-15) 27)

4
cY(yn) = G@ .pl = 8. {O-wpe E= [cm’?

o
-4 The croso section on deuterium might be supresnad by ● fac-

to= *28). ma fom”~a. do not cOntain a find state cOulO&

o correct ion. For the mmxmdary electrons isotropy is amsumad.

Th8 followinq formulations of lapton conomzvation can h

diccussed, whereby the follwinq exprm.ions .hould h

cons=rvcd in all interactions

~. ZLe, .z$.

2. 2L= -ZLP

3 ZL.S - ZLP (mod41

4. Tl(/-2L;)

S. ZLe+Z+, TV-die

All tihese formulations are in ●greement with presant experi-

mental information, however have different content. T3M dacay

P+

-., .=++ F=+V
P

1- forbidden by law 1 and 2, but is not forbidden by laws 3,

4, 5.

4.2. Cro %3 Sectioml for Neutrinc.m fran ll+-DeC.y

- averaqe cross sact!on ie obtained by foldinq with the ener-

qy mpectrum:

7= +/’ -e++n: z = 4.4. {0-”0 cm’

Aluminium which occurs naturally as a pure isot.ap, is an inter-

esting target for tha study of neutrino nucleus interaction, ba -

cause of the small ft-value of Si27 ground state (ft1,2-103 %ec) .

It 1s difficult to astimat. the contribution of UCitad statas

of s,” to the CMOS section. With tha availabla enerqy also
30)braalcup of nuclei is posoibla .

S. NeutrinO-Electron Crosm Section

3.2. The Snergy spectrum of the Neutrino8
The total crosm section for the reaction

A80umfnq V-A-theory and a two component neutrino the 9nargy 9= +63--0 v=+e-

wectra of leptons and ●ntileptona in S+-decay can h calcula-

ted. Neglecting the electron-m-ass relative to the mu0n_m8ss S41G

i“ dependence of the neutrlno energy E, can h calculated

14)31) [rig 2).
ffid.24) 2S)

with universal coupling

Irig, 3) the energy ●pe.atra
a = 4,?. 40-40 Ev [ cl.;M.V7

The energy spectrum of the secondary electrons is constant

For lapt.aw w(E) - $E’(~-E) ii tha interval

O<Ec~ ~V/(t+ g)



Tha uniform enorqy distribution corraspondc with ● atrong

forward peaking of the electrons. raking into accamt th.

●nargy mpectrum of the neutrinos ●n ●verage cross secti~

is obtained!

G . 5,3. 10-4Z cm’

In ● Ea, Oo-diagram, ●vents only are pasmible by kinematics

in tha dashed ●rea of Fig. 5. Thm energy spectrum integrated

ova! ths solid angle i- approxtm.staly

The 8cattaring of antfneutrinos will not ba discumed furthec,

th cross sections being approximately thrac t!men smaller and

thw aacondmy mlactrons hava sa!allar energiem.

6. Exn. rimcntal Tech”lq”e

6.1. Detector

Tho event rates which will be given in the next section

have been calculated under the assumption of LI target sur-

face of 2.20m2. ‘l’he detector will co”si.t of 30 sufxmits

(rmdules) each composed of ● target, ● triqqorc.a.ntor ●nd

an optical spark chamber. The subunit has am iim.a of 2.2 r#

and a thickness of 7 cm. The whole detector volume will be

aPPrOxlmat.lY 12 m’ and will have ● mass of approximately

3,3 tons. Photography is done fro” blow viewinq directly tho

fancd-out spark chrurbars without using mirrors. The detector

is surrounded by a heavy cc.ncret nhieldinq. The detector bam

the imq-artant fo.t”ra that by intcrchanginq the target material

●ll the exporimentn listed in tha introduction can be nmda with

the M- appara.t”s, on- after the other.

6.2. Target Matcrlal

In two swx=ssive experirnentaunder the same condltiocm the tar-

qot materials CH2 and C will be used. The hydrogen i“ CH2 ser-

vos as ● proton t.rgat for the antlneutrlno from the decay

P+-”’+~V-
1.=. the amplitude of the process violating the additlvm lepton

number .wnurvatlon of B+-decay im determined by the CH2/C-di f fo -

renca avant rat.. Por VU1OIJS rc.asons it is expected that the.

cromm mmction of the ;O-c reactionand the v.-s xeactim will h

•PPX9C~*lY SNller than ths cross mection for ~o-p and v.-n

Xaactirna. Shodd therefore tha V+-dacay predominantly occur

●ccording totha equation

P+
- C*4 Vet y.

only a very small nticr OC cvcntn should rcwain from the

Cllz-c-mo.asurcmcllt.For tho dntcctlon of .e a diffcronca

xe.ssurcuent bcLwcen D20 and 1!20will bo performed. ‘L’hisex-

periment ●t the same time allows ● comparison bctwccn cxpcr i-

msntal and thcoretlca128) .=-d crm, s section. in the follo -

wf.nq an experiment with mlumlnium karqets a. well as other

targetm 4e. g. C4C121 will be done. At the .amO time daka arm

accumulated which should contain also ncutrino electron scat-
tering. Tho separation of such evcntm should be wssiblo due

to the stxonq forward paaklng IFiq. 5) . In addition the event

rata for v<a-ocatterinq mwt b- proportional tO *ha atOmlc n~er

of tha tazget nucleus.

6.3. Tar9.2t ThIcknem8 ●nd Triqqer Condition

In order to ●uprcsm short ranqa particlas an well as acciden-

tal cc.lncidencca an m-fold coincidence of successive trigger

CounttK# is required. On tho othar hand due t-a the finit.

xangm of the electrons m should not Lm too larqa. kn optimum

with rcspoct to the avent rtte is reached ●pproximately ●t

m,

tz

%lX:

nlt
-FFx

20.4

number of m“ccassive trigger caunter8 in coi”cidenc.

target thkkness

maximum rang. of electrons (masurod in tho sam units

as t) (Fig. 4, 6].

With this condition ona obscrvas ●pproxhkaly 40 t of all

neutrino xeacti.ao.t for carbon and m - 5 m. obtain. a t-
1,8 glcmz. For fuzthar Opttiisatlon Uont. carlo calculatlonm

arm naadmd.

6.4. Triqqer Counters

Plastic sclntillators ● ro not suitable as trigger counterm

because of the high density snd the chemical .xWosit.lon.

Therefore large ● rea ‘5) “Maemleam. multiwire proportional

coun Lera are in devolopimsnt. l%esa c.aunterm hava aomwhat lar-

ger respanse time as well as a tirn j$tter. For the small went rate

expected Lhls can b tolerated.

6.5. Anticounter

ln order to reduce the trlqger rate by couic muons down to

10-3~ec. a veto factor of the anttcaunter of ceveral tlws104
10 required. The possibility is studiwd to use large area multi-

wire counters Instead of plamtic or liquid sclntillators.

6.6. Spark Chambers

Dpt$cal three-elcctrcde ●pazk chambers with small mass of the

mesh type will bD used.

6.7. On line Computer

Since Lhe experiment with its low counting rata needs ● lonq

.XPOs. re t%m. , . certain dmgr.m of ●utomation should k reached.

a.g. the efficiency of the trigger counters should h suparvlscd

by on line computer t.chnigu.. ?0s ●ach .wntthetriggar pattern

and digltlzed pulseheights auasurad by ths proportional -untarm

(trigger counters) ●. recorded on magnetic tapa. Porlodlcally

meaoured minqla rata-asw811 ● o lnfo?utlon about the bsu com-

ditionm will ba storod on dlco.

6.8. CvaluAtlOn

only a small fraction of the pictures will show ncutrino

events. Cosmic ray muon tracks will be eliminated by lntro-

d“cing a rcduccd fiducial volume. Clcctrons can be clearly

distlnquishmd from protons from multiple scattering mcasuro -

mcnts. FLq. 7 shows tho expectation value calculated ●ccor-

ding to 32) of the Projactcd scatterin9 ●n910 in Carbn ‘or

. targ. t thickness of t- 1,8 q/cm2 in dependence of the Zest

rimgo. AS can k see” stopping protons and stopping ●lectrons

can bo distinguished ●t a high confidence level. ‘fha separation

of stoppinq protons and 50 MeV ●lactronm which leavm tha Ca-

tactor after 5 subunit-, however, is 16ss good. In thlm lattar

casa one loses with ● track length of 6 doublo spark- 50 ~ of

all elactronm when 90 t of tha protons ● re c.liriinatd.

7. l!vont Rates

“=%%?={;
wh,ra

1“ noutrino flux

z atomicnumhrof the tarq9t
k mass nunbar of tha t.rgot

{or(V- k]

{Or (v-c)

,.

.

.
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1

t target thiokneos

r total tmqotafwm
8 WOraqadhtanoa batvaas dataator and t.lm

nautrino sourao

L Awgd20*s nh

q probability tooh-a as istaraatiat

ESPClally for F - 120 mz, I - 10,0 m (this corxempond.

to 8 m tron shieldfnq instead of th 5 m quoted by tha

LAMPF Noutrino Users G1ouP), t - 1,9 g/cm2 q - 40 t tha

following avent ratam can ba expected.

w
,Ve+d+

e-+ p+p o 5
(in 240)

f..ShIeldlng

0.2. shielding Between Bo.am nump and Detector

In view of the small nautrino event rate of 60MC ten ●vents

per day the secondary neutrlno flu% from the dump MUst be

reduced “to a few even Ls per day at the detector. Neutrons

above 100 MeV can produce in the detector recoil protonn

which can trigger the detector emd which can produce track-

mlml lar to those of electrons. Neutronm above 300 14eV can

create plons which stop in the target and ara undergoing

the ‘u-e-decay sequence. This ●lectron source must ha comple-

tely eliminated. In the beam dw there will k produced per hl-

comlng proton approximately one neutron with energy larger than

100 MeV, i.e. at 500 VA proton current approximately 2 .lOIS

neutrons per second will be produced in the foniard di rcction.

Th= =nergy spectrum of the neutro”a has a maximum ●t ●pprOxLma-

toly 400 MeV with a half widti of ●pproximately 100 MaV. Per-

pendicular to the proton beam direction the neutron intensity

will ba reduced by approximately a factOr of 5 and the average

=nergy will bs smaller by approximately 100 NoV. The required

reduction factor of tha neutron flux is approximately 1017. As

shielding mterlal only iron Is in question. ror tha c.xqxmation

of the abaorptlon langth the inelastio n-cu cross -action (taking

fxm33, ?lq. 8) is used and recomputed for ?- wfth an A
2/3 =a-

tlo .

After tho first inelastic rc.action the neutr.o”s are not

lost completely, they ● re however xaduccd in energy by ●

factor of approximately 0,65. In three steps tho .Veraga

energy isbelow 150 NeV and ●fter that tho neutron can ba

consldarod to ba lost completely ● s the cro.s section is

increasing rapidly with dccroaoing energy. After the thick-

ness x of the absorber the neutron intensity is

ln order to obtain a rod”ctic.n f.act?r of 1017 ●pproximately

8 m of iron (dansity 7,8 g/cm3) WJ 11 ba necessary. AII ●ddltio-

nal reduction in neutron flux by ●lastia scattering proccsocm

is to bo expected, but ham not been taken into account. TIIe

height of the shielding must be ●pproximately 3 m. Precaution.

MUathataken to ●void neutro”m penetrating the detector fr.m

above or LIO1OW the shielding. Adaquate re-enforcement of the

shielding on top and ●t the b.tom mustbeprovided. In c.rde=

to reach an optimum thicknea’s of tha shialdlng the last few

meters mustbe●djusted ●ccordingly duxi”g tbe fire.t ph~.ye of

tha experiment.

8.2. Blockhouna

Tha detector will be put insld~ a blockhouse for protection

aqainst lcn energetic neutrons of the machine against garmna-

radiation from .0-decay and neutrons fmm commlc rays.

8.2.1. Lev 8ne?qy Neutrons

2ndividual nautrons blow 100 NW are incapable to produce

trlqgars, Imfavar, tho 10V ●nargetia neutron flux on tha 10W1

of tho biological tolarsnce dom of 10 neutron#/cm2/sec Im

toa high by a factor of 100,’ =;nca the.y produce random spark.

in tho spark chambers am well as random coi”cldoncos. AII at-

tenuation factor of 104 is required which easily can be achieved.

8.2.2. Gamma R.aya

Indirect 4amJJ.3 rays with energiem larger 10 MeV must be

mhfelded carefully slnco they aro prodwsi”g e.l=ctron pairs or

co~ton electrons which can simulate neutrlno events. Gaw

rays rnwst be absorbed by adequate lead shielding of the targ=ts

and the be lm dump .

8.2.3. Cosmic Neutrons

The comnic neutron flux with energies above 100 M.3V i. approxi-

mately 2.10 -3 ne”tr.ons per cm2/#ao34) . with an effective .“r-

face of the detector of approximately 20 !nZ, 4.107 na”tron. per

day will reach the detector. This backqr.owid is under study at

our laboratory .

9. Pre-exp.3ri~nts imd Additional EXPe, imenk.

2n order to check SC.IM of the most important conp”tation. and

=Btim.ltions ● model ‘et “p ●cal=d dc,b,nin the ratio of 1,4 has

Lmaen built. A subunit of the mcdel met up consists of a thin

wall ●lumlnlum spark chambsr (0,4 g/cm2) , ● plastic trigger

countar (1 cm thick) dnd space for targata of diff=rent materials.

The V!IO1O model 1s ●!rrounded by plamtic scintillators which

ser$$a aa anticounterg. Tha m~k chambers ●re triggered by 2$6

E.ulces.iv. ..ai”till.tors. l%. follmirlg Ma.ureannts will M

math :

a)

b)

0)

d)

e)

f)

Range of electrons with the tar9Ct m~ter~als C, CN28

R20, 020, aluminium and heavlar material fOr variOum

energies up to 45 NW.

calibration mcasurementa on discrimination botwccn elec-

trons and protons by meann of multiple scattering measure-

ments

Determination of the fr.qwmcy of proton triggers rosultinq

from cosmfc ray neutrons

Determination Of frequency Of piOn triggers XeSultLW3frOM

commlc ray neutrons

Study of tha &tckgrc.und nearby n beam dump of 600 NeV

protons (9.g. CE2U4Ic.oldel

Datermtnation of an uppar Ifmit of tba frequency of aleatron

tmckm remult4ng frm steep muons (6-rays) and remultfng from

stopping muon- (damy alaatxons) .
\
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decay the dcpe”donce of en.rgy and scattering an910

is not unique.
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optimisation of the target. q - the probabill$y that

Interaction 1“ . target produces ● tzlgger .Lgnal.

t - thkkmas of ● target aubunlt. m - required mJU-

bar of coincidences. R=x - tha range of tha mast onor-

getic electrons.Q - proportional to th8 obsatvad ovmt

rat-.

.
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SW?IAKY OF SSPERWENT

W propae to use the neutrinos ●rising from the decay of stop-d

,+ .“d ~+ me,o”s III the LAHPF beam stopper to:

●) determine the Corm of the lepton conmerv.tie” law;

b) measure the rate●nd ●ngulardistribution of “eutri”c.-

●lectron mcatteri”g;

c) lookfor•m~louo VP lnteractiana;●nd

d) wearch for lepton non-conservation ●nd n.utrino

0acillati0n9.

A liquid hydrogen 8ere”kov co””ter will .erve a.:

●) the target for “eutrino interaction;

b) ●n indicator of the electronic nature of the neutrino

interaction aecondariea; ●nd

.) ● mea. ure c.f eleccrm energy lc.ma in the target.

The polarity, direction ●nd momentum of the electron (from v-e

lnteraction8) ●nd poaltron (from v-p lnteractionn) secondaries

that ewrge frcm the tar~.t will be mea.ure.d with ● park

chamber -uagnmt spectrmcer.

since the datactor meamurea the ●lectron energy ●m wall ●n the

nautrino-alactron ●“glc it Iti”ematically const=ai”s the L“ter -

●ction ●nd so datermine. the “eutrino ●nmr~.

z%e ●xperiments that we think ●re most●ppropriate to

fAUPY●nd that cannot be done properly at ●ny other ●xlmtlng

●ccelerator ●re:

1)

2)

3)

Test of the Ftultlpl[catlve Lepton Number

Conserwtlon Law

search for “p- ●“ ala8tic scattering

Measurement of the Rate of Diagonal Current-Currant

Interactions; L.c., cream mection of v=- ●-

8catterfn;

4) Search for neutrino omcillatk-nn ●nd lrpton

non-con netvatlon.

Although most of these problemc have been dlscuaoed widely

for some tire, only in camea (1) ●nd (3) have ●ny measurm -

menta been made ●nd these were l“c.a”cl”alve. TII. ●dv. ”t of

2ANPF finally makes posslblc the rewolutlon of these fada -

❑rental quest loaw.

Our proposed expertme”t.al .=ra”~eme”t 1. de. [sncd to

carr, cmt ●ll of theme experlmenta .Lmultaneously and with

the same apparmtum. In particular we intend to measure th.

pchrlty ●nd monentum of electrons ●nd poaltrons ●rlmlns

from neutrfno Lnteractionn with the protrnw ●nd electronn

fII ● hydrogen tarset. In the MST beam stopper ragion

neutrinos srlse from :he decay of stopped r+ mesons ●nd the

aubmequent decay of U+ menonm. K- decays can be Ignored

since the ratio of p- decays to 11+ decays in the LANPF be-m

-3
stopper 18 < 10 . The r+ decays slve rise to aonc.chr~tlc

,B with F. - 30 Hev. If the addltlve lepton number cmaar-

vatfon law holdc then the W+ drcay gives rise anly to .a and

% ●
while lf the multiplicative law ●pplies tha K+ decays

aImo sive rtse to ●n ●qual number Of Ye ●nd *W. All thm

neutrinos from ●topped ❑ uon decay have a brosd energy spectrum

txtendlng. from O to 53 Xev.

The results of the mult IplicatLvc law test will deter-

mine the kinds of neutrlno8 eu.mstfng from the W+ decays,

●nd #o specify lhe all ●ly.ls of ●ny neutrl”o interaction

experiment; for ●xample, neutrlno-elrctron acmttering or

neutrLno capture in C137.

In particular, in analyzlng the neutr[no-electron inter-

●ctlona

1)

2)

3)

lt must be realized that if:

Lepton conservation law is ●ddLtive ●nd there

●re no anomalous interactions only .* chould be

considered,

Lcpcon conservation law is multlpllcatlve ●nd

them are no ●mmmlous lnteractlona both .a ●nd

V. ●r* invOlved in the Interact ion.,

If there ●re ●nomalous Lnteract[ons then UB ●nd

~pare ●lno involved in ncutrhva-electron

lnteract[ons.

‘the above considerations sra indicative of the inter-

relationship between the ●nalyslc ●nd results of the various

propooed neutrino txperlments.

II. FlultlPILcative Lepton Conmervatlon Law

Itiawall known that all precant ●xper[mental rasultt
1,2)

on leptona ●re conalstent with the ●ximtence of ●ither

a) ●n add Lclve conservation law of ●lectronic snd

muonlc Iepton numbers, in which the mum XL. ●nd ZLP ●re

●rparately connerved
3)

, or

.

.
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4), Ln whLch onlyb) ● mUltLPliCatfVe Concervatlon hW

the cw ~(La + ~) ●nd the aim (-l)xLQ (and conatq.antly

●lso the tisn (-1)%) ●ra ●apirataly eoncmwd.

Several experfmtnta have beencartled out raccntly in

order co decfde which form of the Iapton conservation law

prevails. TLIey resutted, however, in upper Ltilts of cm

(the wrak-coupl[ng crnstant mtlyallcwed by tha multLplL-

catlve conservation law) that ●re vary much larcar than Cv

(the tmiveraal vector-couplin~ crmtantof bata decay).

211a res~ts given by thesearchfor mmahn-mtfmuontm

cenversion5)
6)

●nd for the process ●- + ●- - p- + IA- WOr!a:

Cm K 5S00 ~ ●nd

Cm c 610 N , respectively.

An ●n#lysis7) of the recent CSRN high.energy neutrino

CXpCrfmmIt8), testing the conservatfom of the .UOnLC I.Pton

atmsber, Lndicated that the upper limit of Cm should bo of

the order of 5CV, if it 1s ●smnu?d that the neutral Ieptonc

●nd charged lepton. behave ident [tally in weak interactions.

TLIe ●bove ●pproaches to the problem ●re presently

Inconclusive ●nd do not promlce sL~if!can”t hprovmant Ln

Sensltlvlty. Another ●pproach to the problem, cu~eoted by

RMteCom09) , is more promts Lng. He showed that the

●ultlpllcatlve conservation law can be tented directly by

the Lnvestlgat!c.n of che muon decay productc.

AccordLns to the ●ddit lve conaerwtlon law only the

decay:

Ll+. ;++”e+z
w (1)

1s ●llcwed, while the multlpllcmcLve crnwervaticm 18w ●now

two equally valid channels :

~+. e++vm+~p (1)

ll+-a++Ge+,w (2)

It18obvious thct the v#lIdLty of the multipltcativa

Conservation law can be tested by ● march for decay mode (2).

If the muons decay ●t rest, then .K and ?V cannot Lntaract

with nucleons v[a any ●llowed current-current fnteractton

chsnnel because their ●nergy is smsller thm the muon mast,

, ●nd the problem 1S reduced to the dmtarminst ion caf the
,

relative proportions of Um●nd V=amon# the decay products.

Since ?* interact with protons ●ccording to tha schema

za+p-n+e+ (3)

wbeream the reaction

.a+p-. n+e+ (4)

la forbidden by any lepton number conaervatlcm law, ratctlen (3)

wltb neutrinos from stopped L+ can be uced an ● eea t of the

existence of the multiplicative conservation law.

‘l%e emergence of Pomltrons from our hydrogen taramt

would be Indicative of the occurrence of reaction (3), whlla

the ●baence of such positrons would demnotrata ths validity

of the add Lt lve law.

! ~Is. 8earch for v!,-a- Claotlc Scstter!ng

~. cutrrnt-current Lntaraction does not ●1lCU up-a

●lcstic cca ttering. Howovcr, thera have b~en variou#

●pecufstfono ●bout pommfbla •nO-~Om* we- ●- ●nd ok- ●-

intcrtctLono (10-11). AII obsarvatiOn Of these pr=e~S@~

woufd ba most lnteramtfng.

me decay of stopped r+ woduceo ~=br~ tic Vu of

30 w totalrmcrsy. fie fLUXof ●uch w lS eq~l to th~t

of ,0 ●rtalns from K+ decay. The -a MWrsy sP==~, of

course, ●xtends from O to S3 Mew (Fig. 1). The Vw- e-inter-

●ctLmwcan ba recogn lzed by an enhmncemcnt ●t 30 MN in

theneutrlno enersy dls trlbut Lon obta lied from the zeconstrw -

ticu Of the n8utrlno-elec tron Interacticm events, provided

*9 v~- ●- cross sact Lan is not much lasa tti n the u.- ●-

arass section.
$

Iv. t-- ●- Elastic Scsttarlng

Althoup.h the current-current weak interact icn completely

●prclfium the rates for ●ll four- lepton Interactions, it has

bean pointed out(ll $12) that the dl.go”al Interactions, 1...,

●la-tic Scattering, are not neceosarfly cons tra fried to the

●ama coupling ccmtant ●s the non-d issonal interactions.

Thmv - A theory predicts that (13)

where

whereT

> -1.67 x 10-66 cm2 - Mev-l. ●nd

1S the kinetic energy of the recoil electron.

Ueins neutrhas from ● f [m ion reactor, Re [nes and
(14)

Curr have established an upper limlt for

aGO + e- - % + e-) = 2.5 UV.A

(tha predLctlon of the V-A theory). There have been no

●tudbsof ve- ●- croso sectiont. or of ●ngular dLctrLbutionc.

for any neutrfno-elec tron scat terinv.

TIM cros; section for .e+ R- - Ve+ a- wL1l be =asured

by the rate of negative electron emission from our Lfquid

hydrogen target, ●nd the ●ngular’ dis tribut ion by the direc ttona

of the ●mitted eleccrom.

lt should be noted that the neutrino-electron interacttoa

@tudy will be carrfed out in parallel wfth the multlplfcatfve

law teat.
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v. Search for Neutrlno O, CLIIat Lon

Pontccorvo(15) has pointed out that Lf the Iepton Lc

charge 1s not ●xactly conmex-ved then there can be tranaitionm

v.,& s Va, k ●nd vu = 9=0 Such tranmltlons ●-e remhtlacent

of the weak trans Lt ions between @ and ‘@ due to non-c onser-

va tLOn Of hyperchsrge. Just as ● ~0 ●mpl i tude develops with

time in ● beam of initial l&’O so ● ~a or Vp ●npIitude c.”

develop In ● beam of “a. In the & csse, the time required

for the Zrowth of the ‘~ ●mpl Ltude is determined by the

s$-t$massdifference.In theneutrlnocaae the oscillation

period Is determined by the mats difference of the neutrinos

involved Ln the oscillation. Such an oscllla<lon, c.f course,

rmqu Lren ●t least one mcsslve neutrino.

range from ●tomic to as tronomlc d linens Lens. If the oscillation

length is much lees than the flisht path of our neutrinos

then such ●n oscillation will prcduce effects mimlcfng those

of the multiplicative lepton eonaervatlon law or of ●n ano~-

10US neutrino interaction. Oscfllatlon lengths comparable

to our neutrlno flight path or hydrogen target thlcknecs wL1l

make the neutrlno oscillation process recosnlzable. Very

long oscillation lengths are beycmd detection with terr=stial

neutrlno sources.

VI. Experimental Setup

The ●xperlmmtal setup consist- of

1) ● neutrlno source In the beam stopper;

2) an iron fLlter to absorb charged particles, neutrons

●nd ;mmr rays,

3) ● liquid hydrogen target-magnet spectrometer to snal-

yze the neutrino Lntermct ion ●acondarlem;

5) ●n ●rray of coincidence ●nd ●nti-coincidence

acintfllation counters

6) ●n iron shield aurroundlng the detector ●rray.

VII, Noutrfno Beam

The 700 MeV protonm of tha WPF are stopped in ●n

iron bLock which serve. simultaneously ●a ● targetand ●

shlcld for all possible particlaa generated, except neutrinos.

The range of primary protono in the iron blotk is ●bout 35 cm.

and the major Lty of these protons undergo nuclear Lnte#actlon

in the f Lrst two colllalon lengths, I.e., in about 26 cm.

l%e mnxlmum ●nergy plona produced by the interaction

of protonm have only slLg.hr.ly longer range than the protons,

●nd the bulk of the plons ●re stopped Ln ● much #horter dLs -

tancs. The rue is valld ●lso for the charged particle8

produced in stcondary Lnteractlons by protons ●nd piono.

Thus the maj ori CY of piona ●re produced ●nd slowed dam In

the first half meter of the Lron block.

Tha intensity of neutrons generated by the primary

proton. is attemmted only by their nutlear Lntcractiono.

The collision length for tha maximum ●nergy neutrons in

iron is ●bout 13 cm. Using an froa block of 2 ● length in

the direction of tha proton beam ●nd 5 m thick perpendicular

to the proton beam (on one side of the beam, sea ?ig 2),

the i“tenolty of mmxlmum ener~y neutrons is ●ttenuated by

● factor of ●bout 5.106 in the forward direction ●nd by ●

factor of ●bout 5.10’6 perpendicular to it. The attenuation

of neutrons hawing mnaller mtergy, particularly those ●cattecad

almc.8t perpendicular tothe direct Lon of the primary proton

beam, 10 mny ordws of magn Ltuda largar, mainly dua to thair

mrller collioion len~th,

Since 2 = or 5 m iron corresponds to 111 or 278 radiation

lengths, respectively, the electron-photon cwpcmmt genar-

●ted in the nuclemr cascade prc.cessec is ●lso totally absorbed.

According to the ●bove considerations, a nrutrino

detector .Aich is placed behind ● 5 a thick iron blotk,

perpendicular to the primary proton beam, ●nd surrounded by,

say, 2 m th[ck iron blocks frcu SII sides, is shielded prac-

tically for ●ll radiation except m“triman.

The nature of the neucrinoa reaching the hydrogen

target dependm on the pion ●nd muon decays in the beam stopper.

l%e number of v- produced is 117 that of .+ produced. p-

can only ●rise from r- decay in flight mince essentially ●ll

w- that caae torest ●ra abnorbed by nuclei. V+ arise nninly

from r+ decays ●trest.?lwprobability of pion decay in

flight is : 14. ?he probability chst ● p- stopped in lrcm

can dec.y before captutw is 10f. From these probabilities

we have that for ●ach W+ decay there ar- 1/7000 p- dtcaya;

1/700 r- detays in flicht; 1/100 w+ decays in flight ●nd

1 T+ decay ●t rest. Aceordine to this the only significant

neutrino mourcem ●re v+ ●nd W+ decays ●t rest.
(16)

VIII Liquid HYdroRcn Target - C&enkov Counter

Ilm major difference between thm 7ANPF ne.trino beam ●nd

those ●t flcsion reactorm 1s that tha neutrinos ●t IAuPF have

one order of magnituda higher ●nergy than those ●t reaetora.

~in feature permits ● modification of the classical neutrino

detection technique. In particular, it 10 now poosible ●nd,

of course, desirable to detect the positrons snd clectroas in

prompt coincidence ●nd simultaneously observe their traj@ctorLcs

fna magnet-spark chamber spectrometer.

The key to tha tent of the multipllcativr lsw Ls whether

or not ●ny of the ncutrlnoo produced in the M+ decay will inter-

●ct with protons to produce neutrcnc and posltrms; 1.*.

%=+p-n+a+ (5)

In order to avoid ●ny v. nuclear interact iomuhich can

produce clectrono, v. + n - P + ●-, ●nd could cive ristto

positronsthrough cascade proccssaa WQ nut use ● Liquid

..

.
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hydrogen tmSat. In ●ddition, the larca radlatlon Imgth of

hydro~en mlnkizes tha chmm of prsdurlng Lwcktrotmd ●lcctrono

●nd posltrano from ;aeu rays. ?hlc vlrtua of hydmscn 1S

wr.h more critical in suppressing Luck$rotmds that would

slallata “c. s- ●lastic wattering, becmtw of the ●pprc.slably

smrller v.- ●- cross section.

In order to detect the production of w elactron or

positron ●t well ●t to datotdne tha ●arxy lost of that

particle in the target, we intend’to mrwuw the Chnkov

radiation@mitt@d h thatarpt. TIM C#rankw radtatfon pulw

height combined with tha msmttlcspwtromstw rnwntum ●nd

trajectory ❑easurement will be wed to racowtruct the kint-

msticc of the interaction, L.c., determine the neutrLno

●nergy ●nd angle between the neutr Lno ●nd electron.

The thLckness of the hydrogen target,●m dctwmlncd by

th=●verage ●lectron range, wII1 be ●bout 1 meter. ?ha tranc-

verae dLmcns Lens of the target will be 2 ❑eters high ●nd

4 maters wLde.

2x. Mmmet - SP●rk Chamber Spectrometer

?he spectrometer Ls requLred to hwe ●n aperture

properly matched to the dfmena Lena of the hydrogen target

(S1S.2) and capable of measurLng momenta of ●lectrons

between 5 ●nd 50 uev/c.

The tugnet wLI1 have ●n ●perture 1 meter hLgh and

i mrter# wide. SLnce only ● re2atlvely mall bending power

it needed to analyze these small mcaenta, the amxnet cm

be quLtc thin, 5 cm. The total waf.ght of the mngnet will

be 17,300 lb-.

In qettlng the brndtng pwar of the magnet it i- dwlrabla

Co have the ●ngle of deflcctkm in the -@et considerably

Iar;er than the multiple scattarlng ●ngle,
/

The relevant formula 1s:

uberej H d! - the bendfng power 10 gauca metarc;

had - tho radiation length of the material the electrcn

trwerses snd L - the path length of the ●lectron. III order

e-g
to hwe u 10 vfth our spark chamber system n

‘mcmtt. proJ.

●ust bwe
1

R.di N 200 gauss-meter.. To ❑in LmLze the multtpl.

scattering Ln the resion between the spark chambers of ous

systems helftm bag will be Lnserted.

‘lhe -park chambers wLI1 be.of the conventLcmal optfcal

~pe ●nd of dLmenmLens appropriate to the syatrm ●perture,

X Counter System

?be ●pparatw wfll be trLggered by ● coincidence between

the U2 - Cerenkw counter “and two scintillation cotmtwa, onm,

Cl, Lmedlately dcmmtream of the hydro@n target ●d tha

other, C2, ●fter the spark chambar.gyst-, psovidad thaw 1-

!no Pub- !0 ●y of tha ccxtnt~s fosmlng tha ●tl.coinc[d.ncs

ahlald, rig, 20

I ~1. $hLald[nE
,.

As lndlcate.d ●bovs thcra wL1l tit q S meter thick cteel

●bldd batwean the bsas stoppar ●nd our appmatu to ●bsorb

tMtt-nOUtr!nO pWtiOIOS frm tha ●cc.1.ratir. TO ,hiald th.

appmatua frm saattwad accclorator-produted radiation wo

plan tosurroundtha●pparatus with m -2 meter thick steel

cbfeld ,

TIM wft component of comic radtition will be ccrwned

by the steel shield, whLle trl~gara due to the penetrating

csapanent will be vatoed by the anti-coincidence shield.

XII. Rates

kotom of 700 S4W h.v. . tot.1 CrW. ,eetlon ~f450 &—

Wr Lxxm nucleus snd-~ mb for r+ production per fron nucleus.

?roa theme numberm we expect 10 15 ~+p=r ~ ~ ~ols
pr0t0n8

~ncLdent 011 the beam stopper. Of these m+-s& $ WLII stop ●d

decay rsther than interact givfmg rise to5x 1014r+decay mjmec

and the name rate of p+ decays.

With a 5 meter thick plug our tar~et ●btendo ● molfd

anzle of 0.2. If the mult[plicatLve law ●pplies, them

one-hmlf of the ●lectronic neutrinc.c from ~+ decay WLII inter.

●ct with protom In the hydrogen .ecordLmg to re.ction (5).

Uafng ● reran cross section of 1.2 x 1040 C.2 we IWVQ

in thic cwe 1 neutr[na interaction in our twget wesy

400 mc or 9 Interactions/hour.

The spectrometer subtendo s solid angle of ●bout 10$

for pwftLons origLnatfng Ln the H2 target. Frqm this we

set ●bout 1 magnatlcally analyzed neutrino-nucleon Lnteractiorm

per hour.

Additional rate Ioaoes due topositrons that do not

leave tha hydrogen target or ●re otherwise lost in the

spectrometer wL1l red~e thLs rata to ●bout 15 ,wents/day.

?or 9= - e- chattering we have ● mean crosn section of

4 x 10-4’cm’. The #nSular distribution of this process is

predicted tobe peaked in the forward directfon ●nd so we

●xpect an order of magn Ltude ●nhancement fn the collection

efficiency of our apectrcmmter.

If the ●ddltlvo law 1s operable we ●xpect 1.5 events/day,

wberaa# the multlpllcatlve lsw S{vea only 1 event/day. The

difference h due tothe fact th. t c~e- .-) f. predfcted to

be 1/3 of o(va- e-).

XIII. Reparation for till arlment

We hwe conmtucted ● 114 ●cale model of the mtgnet-spazk

c~ber Spectrometer, Fiis. 3. In order to verify the precL. Loti

with which itcan sntlysa electron momanta w intend to calf-

bsata itat●n ●lwtron ●ccalwater.

UC ●lso hop- to wttitc tha Mkallhwd that ● cosmic

17



ray induced trigger gives ;Lsa to an ●cceptable track in the

spectrometer system by operating the model spectrometer in ●

simulstcd ●xperimental area environment.

~IV Inctallatlon of Apparatus

Although wa feel quite confident in our shleldlng calcu-

Iattons we hope to verify them by ● step-by-step Lnatallatlon

of the shield. Although we intend fnitlally to provfde space

for ● 7 meter Iont shfeld in the neutrlno beam we wL1l study

the dependence of the background on thm thlcknesa of this plug.

At present we think that 5 ❑eters 1s an adequate thickness,

but if we can tolerate ● thinner plug we can increase our

sol Ld angle for neutrlno collection. Other ●spects of the

ahleld may also be varied during the installation period.

y Order of Dste-TakinX

Whan the shielding has been completed ●nd the ●pparatus

hao been-fully tested we hope to begin with a two week run

with . S12 fill in the target. Dur[ng this tfme we should be

able to test the multiplicative law and to determ[ne the

-e- e- scattering rate. It would then be de~irabh tO Put D2

in tha target ●nd calibrate the nautrlno source via the

react ion

9.+n-p+*- (6)

This calibration is necessary to interpret the data taken

wltb the H2 fill.

If we are unabla to _ sufficient D2 from bubble

chambmrafor this cal Lbrat Len, then it wll I be neceaeary to

carry out this phase wLth ● lLquid N2 or 02 fill ●nd make

the ●ppropria te ●xclu~ Lon prLnc f ple correct Lena.

FLnally we wI1l replace the N2 fLll ●nd continue tak[ng

data. for the varioum neutrino-eleetron acatter Lng experf -

mentm. Ihls phac.c of the experiment m.Iy take ●bout one year.

XVI. C.anstruct Lon of Apparatus

The hydrogen target represents the mostcostly and

dangeroua ●lement of our mppsratw. It would be most d=slr.

●bla Lf the La. Alamo. !jclentiffc Mboratory could udertak~

the construct Lon of the target ●nd be responsible for the

cryogen Lc ●mpecta of itsoperation.

The cent.tructLon of the 114 mcale m~net-npark chamber

●pectromtter was ● ●Lmple, atralght forward operation. Ha

●ntLcipata no dfffLcultLes Ln the construction of tha full

●ale myatem, The counters ●nd elactronLc# ●ra all of con-

ventloml deolgn, smae of which pre#ently ●xLct ●nd tha rast

can ba readily ●cquLred. “

Sxpec t for t% hydrogen target, whose construction

schedula we cannot ●asily ●mttite, we see no obstacles that

wL1l pravent the co”#tructLon of the ●pparatus by tha fall of

1972 (except nmney).

Of courme, we hope that LAMFT can obtain a~equat.

●mountm of #teal or other ●ppropriate shleldlng.

XVII. AddLtfonsL N●utr[no l!xperimentn Appropriate

tothis ApparmtuC

A) TSM Pauli wclusion principle reotrlcts the p to n

or n top tranm LtLon Ln complex nucleL wLth very nmsll

-entU t=a”,fer.~17) This drastically reduc.s the prOb~-

bLlity thst ● II. can produce a forward electron Ln collla Lonm

with complex nwclel.

3’hfc prediction has been interrogated by a WV- Fe Inter-

action ●xpcrime”t(’8) atArgonne wLth uncertain resultc. The

interpretation of their results is clouded by the difficulty

of meparatlng purely four- fermlon ●ventm from those that

produce ● no, MY vLa N* production. Agafn, the LANP? neutrino

energy range la Ideal for overconl”g thl’ probl~. We could

varif y the .sxclus f on Rinc Lpla pred fct ions by f Llling our

target wLth llquid 02 ●nd observing the ●ngular distrtbutlon

of the outgoing ●lectrons.

since we my, in ●“y case, fill our torget wLth 02 or N2

during the fnltlal testing or calibration phases this obser-

vation my not evrn require ●ny ●ddLtitmal running tfm.

B)Within the framework of the V-A “theory, the non- L#otropy

of the angular distrlbutio” of ●lectrons ●nd pos Ltrons ●mitted

in neutrfno-nucleon collisions is determined by tha value of

S,
AlthoWh # has bee” determined from the measurement

Pv

of the neutron llfetime and a- other decays, lt would be

interesting to varify that Lto valua in the region of mmtntuu
I

transfer ●vaflable to ua ic the same ●s in those other processec,

This obsmvatlon could b- performed wfth our ●pparatua

provided w rotate it by 900. Ih[s ●xperiment would raqufrc

●dditional running tim of ●bout on. month.
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\

\

‘.
‘ IRON

A = AkTICOINCIDENCE COUNTER

q, ~ = COINCIDENCE COUNTSRS

~~ = SPAR? CHAMBERS t 1

\ p = LEAb CI-ECTRON ASSORBER
2m

/

?or th. tarot of th. ~ m

~ we have to tako into a.saount

(a) Co#tic mys

(b) AcccleratOX fIUOnS

?OX th~ VaZiOUC ~ 0-0 lectron mca~ wcprrimmto

W. hmv. to tak, into &CcOuntthe ●aw backqccund mourcma

●nd, in ●ddition, if tht Multiplicative aw holdm thm

I@kgxound giv.n rim. by ... ...ction

~+ p-on+.+ (1)

The ●xpect-d rate of the latter●vents has been rstimatad
●bout20 thins larg*r than the xmt* of neut.zlno-elactron

●catt.xingm . Thm pomitxonm pzoduced in re.ction (1) c.m

bm, howevar, ●amily dimt inguimh.d fra the .lectron.

qivon rire in ■cattaring procaomas by Hsurinq the

c~tuza of th.fi tracks axcopt of wry unfortunmt.

8Catt8ri~8 in th mmtextil 01 tfw ●puk ch~rm . flie

pfr&bility of such simlhtad●hctrom●vontm is, howw,x,

●bout 10 timrs smaller than th* ●xpectmd rate of neutrine

●laatmn ●catt*ring. (and ●ppearm only in th. c... of th.

NLtipllcative law) . /

(a) SQriB& -v n~ d

(b)

TkW COdPCay barkqround W~a Rstirnted by U9ing th.

●XF+t48mital data of R.inec obtained with . hz

liquid scintillation slab’ ●t LASL in 1954 (e@

‘N.utrino thc~=i~nt ●t -P”, F. Rein.. 1970) .

Taking into ●ccount thm duty cycle of I.wlm ●nd ●n

●ticoincidence factor of ●bout 106 Reinea cc.n.

clud.m th.t the commic ray bckgxound fox ● neutzi.nn

detector of th- ●ama projected ●rea can be reduced

to < l/day. The proj.cted ●rea of mu detector i.

●lrnat of th. •a~ size ●. that of the .bove

detector . w* ●re d*tecting, however, only ●lects-mm

●mitted into “the solid ●ngle of th. mg”etic .~C-

trometer. DU@ tO t.h. fact that th. axis of th.

Spctromcter im horizontal w have . ●trong .ngul.r

reelection ●gainmt cpmic ray pmxticlmm whkb decroamea

th. rat. of this background to < 0.1.

f4U0”’generated by the .ccelez.toXin taxg.t.ox

otbcx rat.ri.ls up.tre.m to th. n.utxino d.t.ctor my

~b bdcgrmnd 9v8nts. ‘fkm X.* Of tbti 9v*w m

cm b, hwwor, ●qarimrntally determined by varyiaq

tb9 thiCti~S of the ●hiolding ●XOUlldth detaatox

UM can & rtduccd to ● xcaaonablc valuo with ●it-

abla •hield~ ●ti ●mthohoidoma datmtorc o
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9.

Appendix 11

Time schedule of neutrino experimemtm

i #tale model of magnet ●pectxometar completely tented

at Univarmity of Pennsylvania

Initiate denisn of liquid H2 tar6et Carenkov counter

in conjunction with &as Alauo8 Sciant ific I.aborator>

Temt meamureuents carried out on the ~ scale uadal of

ma8nat spectrometer irradiated with ●lectronsfrom

#topped comic ray monm

Final plan of the experimental ●rrangement for

spectrometer ●nd target Cerenkov counter

Nsgnet - repark chamber mpectmmeter wltb ●ntL-

coincidencc shield designed

U8gnet - npark chamber spectr-ter with ●nti -

coincidence shield built

Neutrino Source, iron filtrr and l{quid IS2 tarset

Cerenkov counter built ●t 2ANPF

Study of background ●nd completion of ohialding

Start of data taking

my 1, 1971

Jum 1, 1971

Sept. 1, 1971

Nov. 1. 1971

Aus. 1, 1977.

A~. 1, 1972

NOV. 1, 1972

Jan. 2, 1973

lie

batween

1)

2)

3)

4)

5)

6)

7)

If,

Appendix III - Responsibilityfor @l ●ratus—

#uSSest that the following division of rasponoibility

IANPF ●nd the university Particlpantc.

Liquid Hz C~rankov counter

● Cryogenics - 2AJlFP

b) &lectronica and Optics - University of Pennsylvania

U8snet - University of Texan ●t oalla

Spark Chamber Syctem - university of Texao at CMllao

Trigger Counter System - University of Texas ●t ~llao

ReadoutSy8tem- University of Pennsylvania

Shieldlng Enclomura - IAWPF

~ti-coincidence Counter Shield - University of Texaa

●t Mllas

●s we hope, ●dditional collaborators participate in thi[

●xparimtnt, we would ●nt ic Lpste ●n spproprlat ●, mkually oat is-

factory redistribution of th. rcgponoibilitieo.

1)

2)

3)

~)

5)

6)

7)

Appandix IV

Budget E-tfnute for tsaut rino Sxperfmcnt

It ●m— sub-total

Liquid Hz Cxrenkov Counter

a) Cryogenic:

cryostat $50.000.

cryosenic instrumentation 10,000.

safety 20,000.

refriSeratOr* (60, LH30.) 80,000. + (60,000. )

b) Electronics

Phot maIlt iplierm 65,000.

H-V distribution 10,000.

75, W0.

MSnec 20,000.

Spark chamber Syotam 20,000.

Trigger Counter Sy8tem 10,000.

Readout 20,000.

Shieldins Y.ncloaure 147,000.

Ant i-coincidanca Count cr Shield 30,000.

Total 602,000. + (60,000. )

●
We hope thst●n ●ppropriate cryoscnic rafrigarator can ba

borrcamd for this ●xparlmant from ●nether laboratory ●nd

that IN can ●void Itsimrchaoa.

..

.

..

.,
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.

.

“A Neutrino Experiment to Test Muon Conser-

vation, ” Peter Nemethy, Spokesman

V. W. Hughes, Peter Nemethy, Yale U.; Jean
Ducloa, Saclay Laboratory; R. L. Burman and
D.R.F. Cochran, LASL

Vemcm M. lhubm md inter NLxethy, Ya.laUaivereity

.Jeamruclom, - --tow

RabWt6a lwlDXialaC0ehrU bs A1-sgr:~tiO

March15; lgll

. .

htorIIcixethy , apokmxul

AB2T2A=

Vopxmwm ● neutrlnoe~ariment te dctaxainowhetbar “won

conmrntlon” 10 an ●dditiveor ● multiplicativelxw. Va ●arch

for exotic rmon decv,

~++o+vcvp ,

which 1- ellwed by tha multi~licativalaw but prohibited by tho

●dditi?e one. m order to distlnguiuh thisp’mcem from the umal

muon docey (K+ + ●+ v. VB) we detect the electmn-~ti-neutr~

f- the exotic decay, usinl! the invwrm-beta Ymctim,

VOP+NO+,

on fme protonn in water. our nmtrlno detector is ● 6 # water

Oerenkov ccunter. me notiocusing tatel ●bsorptioncounterhe9 ea

emrgy resolution of lti ●t @ MeV, the typicsl por.itren●mray.

We uce the IA&V protonbeamstepno an intense●ime Of

positivemono decay- at rest. Sixmntam of heavynrwtmo

shieldingseparateour detecterfra.~ M@m stop.

llm experlmantcan b~ ma in ●pamsitic wdo, with”all up-

streamtugcto Wpcrating. With mm thirdof tha fullpmtik bmx

arrivina●t thabe- ●topWO -t ● -te of 60 went@ay if the

mltiplieetivem tilde.

J

*

~ROP02ALIWPOm4ATIOlf“

,.
2MH ARM: ProtonE4mm *.

aaCQl&Y -M ReuurwmlewT2”1Rma.

PRDIAnr=A14 RKemRm2wTe: 1/3 mA or acme”of the prlmwp proton

bmm errlvjng atbeamstopwith an enaqfy armter

then 700 Mev. “-.

RUMYIIIMTIWI Imtalletlon and “@nc up Tk: 4 rnnth.

-h mm: I?& hours.

~: lfOn-rAMPF●ppxmtus can b- ready on Lbc. 31, 1%’2.

IAMk7 AP2AMlw8 RDWti: Standard Pest Iaclc Electrenlm,

Intarfea and Staege Dmlca .

~ MD 2WOI/XU2E9 RFXVJ~: 6 c.etmwof iron berrier ●hid-

lng between beam st-q end ●ppmmtus, with mtehed

dirt mrth-thino end sky-rhlm pr-atoction.

SRYOIAL 222VIOB31 Tht lom of I&Xl amllom of heavy water, tx. be

“returned eftcr tha expm’inmt.

2PA02 X2QUIRBD: A oubio wuleu 3e X ~ X 3a0

I. IWTROIWCTIO1{

Mautrinointeraot.ionshave bean obcerved% energies balm ●

few M*V xnd in the OeV range. The Loo Ahmm Mmon Phyaica ?acil.

ity offers tha first prectiexlopportunityto study nmk.rlno

rmctiono atlntezadlatsenerglm.

Iho nautrlnosoriginatingin tho Ml= beam otep have a typi-

cal en-oreof ~ MoV~ Ihic ●or~ 1s bolcw the thrmhold for

producingmuons end plom fron sukmutrinos. Qectmn.nmtrti

intemctionn cen thmefom b. studiedwithout i.nterfarence from

the m.ton-neutrinoprocasmo which dominateneutrinoevents●ttha

M@ energy synchrotrons. ~W~d to reactorexperimentsthe

Mgher energyof the neutrinosie ● distinctadvantega,for it

im’p.lieshigher cross-sections end ●m imprevemcnt in background

rejection.

One may envisage a varied and serious program of neutrino ex-

periments at IAMVF. This progrmn could include a test of muon-

consorvation,a measurementOr neutrinocroaa.sectionson ch.lortie

with implications.for noutrlnoastrophysics, ctudicsof giant.
.

rmomnce end exclucionprinciple effacts on inveric-betadecay

rmctiona with nuclei,end elasticneutrino-alectronacatterlng.

All these experimentshave in comman the follwing featurm,

They can uoe the L’UIPpbeam stop withoutmodification ●s a neutrino

Sourcojthey requirea ?Jell-shieldedcounting_ ad .aa .-

Mtam of iron shieldingbetaeon this room and the beam stop. Ha

fool that’such ● generalneutrinoracilityis very dmireblo end

that it wwuld $Mtify tho necemaaiy lnvmtawnt in mhieldin.x by

.Xtcnding the re&o or interesting physico that aen be done kt tho

IAnPF.

We propose ● neutrino eqeriment specificallydesi@m.dt-a

detomine whethermuon Conmrration is an ●dditivaor ● moltipli-

cetiva law. Ws beliovathet this wqerlmant, with Waited aln. .

reasonablyhigh avant rate ●d felrly dsple appsratue,could be “

an ●rly one in w noutrinoprog-. Ineidmk.alW, WO-tlOn

●bout tho baekgroundt snoountamd in this sxpsrlmentmay wall bo

umful in the detaileddmign of aom @!j.tiounand difficult

pro$ects.
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The fom of tha lcH Or conmrvatltm of monneos 10 of ●nc

iOpOft~CO & t.h thCOIYOf weak iIIt4raCt10nc.It was the abmmca’

of tha rmction

IA++ .++y ; ““ (1)

cllcwmdby lepton conservation, thct firstpm.apted#peculation

●bout ● new conservationlaw; a cpcculationbsscd on the ●ttractive

idea that cny pmccm which 10 not forbiddenwill occur. l’hia

hypothmis, muon conservation,was ●b..quent.lyconfirrmdby the

diaco~oryof the mon-neutrlno which cannotproduceelectrancby

the inversebeta deccyprocess

Vp+.z+zf+e , (Q)
.,

cnd thcrarom is distinctfrom tha electron-noutrinoe.

F.inbmg cnd Weinbors?pointedout in 1961 that there cm txo

possibilitiesfor the conmrvation of %xmne.csn.in Neck inter-

●ctions. The elassicc.1 one isancdditivci~. choosing● won.

numbar ~ - +1 for W- cnd VB, ~ .“.1 for B+ and Vp, md ~ -0

rOr CJU.thiIU OISO, wc SC.WIIW

: I@j - conatcnt.

l%c othor possibilityis a parity-likemltiplicatim con-

●-vction law. mt Pp - -1 for IL+. P-, VBS ~WS -d pp - +1 for

cnythingelm. C?vJnm rewi~

T P (i) - Comtcnt.4 . .
“~w

Zitherconaermtion law pmhiblt.armctionn (1) cnd (2); “

both sllm ●ll our mtabliahed lapt-anrocctiom. ‘lheprcdiations

cm differentonly for mcctions involvingm avcn mmbm of elco-

tron-likecnd rnuon-likaparticles. Of tho +XO laws the ~diti~

cm in stronger. In particularit prohibit-the followingfour-

laptoninteractionsallm~d by tho miltipllcativclsw:3

*+ ●- - P- 9+ (3) “

Reaction(3),moniurn-cntlmoniwnconversion,rcquire~a neu$r~

currentwhich could possiblybe associatedwith a ncw interaction

which is strongerthen weak interactions. Amt. et *1.5 hcve

lnnkodfor monium-cntimonlun convmwion in cn argon atmoaphmc

●nd hcya put m upper limit of c14/~ < 5&0 for the pmceaa, where

OK cnd ~ ●rc the COUP1lIICconstcntsfor reaction(3)and for the

neck interactionreapectivoiy. 2crbcr otal.6havo ●arched for

tha equivalentpmcem, c- ●- + B- V- to obtainthe upper limit

%/cv * 61o. 2oth llait.are at the 9% confidencelevel.

The other test process,exoticmm decay (4) proceedsby ●

chargedcurrent. It contributesto tion de&y, so that itscouplins

oonstcntccmmt exceed~. Chm&? hm Oxcaincd● C2RX neutrim
8

●~erlmant for ●violenceof inverse ●xotic muon decoy,

Vp + Z + Z w+ ●- Vo, and finds that the 19v61 of bcck@mund i9

15o times tho mcximrn rate of the pmcass. To !tCVe● lxmkgfumd

sufficientlylcu for thispmticuhr tent of tho “muormaag Mnt,

ttm 7P contc8inctionin tho I&@ enargy Vp beam wauld hcva ta be

lam then2 x 10-5.

Clura 1-, theroiore,no preoant mpori..ntml cvidencathct

would cllo!fus t-adacidcbatwecnthe two conmrvat.ionlam for

week interactions.‘rhc●dditivalaw is plaacinsbmaumo of its”
similarityto lc.pton,bafyon cnd charga connmwation. Fufthamofc

lt deem not tmpor with waak interactionuniversality. ma at-

tfcctionof the EnIltiplicativc1- ic tha nctuml wcy in which it

ic ●ssociatedwith a world or ●xcctl.ytwo lapton rmli.s. A

Nltlpllcatlv* world would ~lcw us b underst.cndbettorwhy t&c

tin ●.zistsand why it seem t.abc the only h-my ●lectron.3llmrc

U ● PriCO tO PC.V:W9 would hAVC to raexcm.ineMU ideasof univcr-

●nlity. If the muon can daccy into two chhelc (P++ .+ “o TB

CIM B+ + ●+ To VP) then the ●ffective●tmn,@,hof !t-docc.yis
dueta● prlAtlva fcur-leptoncoupling●zmcd over tha two chmnalmj

. .
thcrcfora, it is mt the primitiw muon c.xplin2 constcit which

.
is ●qual to the vector constcntin bcti daccy.3

II. !flIxZ..RRINEWT

A. =. Iat us recapitulateour presentumlerqt.cndtiof nuon

decc.y. It 1s ● pure V-A interactioninvolvingtwo distinct,mAss-

10ss ncutrinoaof oppotiteheliclty:p+ + c+ v i7. ma emr&v ‘

spectra for positron,nautrinomd anti-mutrlm art shown in Pig.

10 The neutrinospectrumis differentfrom tha ccmmn mpoctr.m

Of WSlt~n md U’Iti-neutrino. TIM ●ubncriptsof t,ha two meutr~c

dependon the “!duomeos”selectionrule. me ●dditiv.MI .peci-

fies v - Va cnd ~ - ~M; the multiplicativelcn allow the ●bOVC

Usi.gnmont,but also its invers., v - Vp CA r . VO.

A prioriwe expectthe two chcnnelsto have equc.1strengthgc.nd

we cm ●mr.crizomuon dacc.y in tha follcwing tabla:

Additivn MAltiplicntivc
++-
~+avevll

I@ !@ (5)
+ +-

~+ovc”ll m 50% (6)

In our experimnt we searchfor th6 secondof them remtlona

(exoticp-d.ccy). He look for inversebeta dc.ccgon a fme pinto”
.

in ● water Corenkovccmnter,

va+P.oii+ m+. (’r)
me correspondinginversebott reactionfor’ u’uc.l P-decv (5),

vi + p + X e-, is forbiddenby chargbconservation;there 1s no

need to datermlnethe sim of the leptonif ● free proton la idon-

tlficd as the tarcatnucleus.

What mckes the experimentfensiblcwith ● water target 1s tha

fact that thora is no sicnificcnt Confision between the fraa proton

reaction (7) cnd neutrin.aevents on oxygen. (Sac section 111.A. )

2P ch~sing water uc

our ncutrino convorter wc avoid the cost cnd cryoccniceffort M-

sociatedwith a large liquidl@rc.gendatector. me free pmtm

densityin water is SC% higher then that in liqtidhydmccn, ao

thct there is a gain, ratharthen s loss, in countingrctv./unit
Volwr.a.

Ifshcvc daaicnedthe ●xperimcntfor oporationin the prcscnca

of ● #ubstmti&l mutmn flux, sincewe ●pect tha maiduc.1neutron ‘

bac~r-mmd not ta ba negligibl~in the nautrinaarea. Tbh is !rhY

we have chosen a Cermkov dotoctor~it-disc~ation cgainst

mutmns is mch ●porior”to thct of a scintillationcounter. It

Is for tho aamc muon that we do not rely on a dalcyod coinci-

denco in identifyingour ●vantc, for mch a tachniqucrcquiscslJX

probabilitiesof ●ccidmtal neutronsin a dolcyadgate.

While 50$ - 3@ isthenaturalxnlstivabranchingratio batwem

processes (5) and (6) in a %ultiplicativoworldn, wa ●xpect to

be ●nritive to any exoticcontributionaxcecdinglc$ of all mm

deccya.

,.

.
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B. ce-mnkovCutector. h neutrinodetector,shown in Pig. 2 1S

a nonfocu.cingtotal-cbsorptlonCmcnkov counter. A cube of 180 a

SiSS contains6caolitersOf water,~~ed tZXU~ •i~e~W 96

fl~-l~ch phomtiplierc. opticalcOntiCt~d WatOr seal ●r-

provided directlyby the photomthode envelope. !ttecounteric

U@ with ● dii’fusoreflector. A wavclan@h B&tar is added *

UN watar in ocder to improveits pmfomtnca. ~a gain 02 tho

eountorwill bc ●bmt 5 photoelectrono~svforP*1C1OC withp-l.

lhc angu14rdistributionof positrons in tho inwrao b.ta

Pmac., (7) i~ iOOtmpic to within x%. ma pocitmn 0ner2Y ●pe-

tma isham in ?i2. 3. Bccaum tho cr0s8-se6tien is pmortiolld

tO ~2,’ thm is a fcMw ~ pe~k, ●t 53 Mav. ~ ●VWC2g ~~

of th.positrons16 42 lkV. At 42 )4@ %. ccantcr will ILAW m

.noro rmolution ~ ‘.” l@. MCrW losses duo to edge efloots cnd

radiationwilladd m caalllac ●nefw tciltc.the rccponceCU?VW,

butwiilnot inorea~mthowidth ●t hclf-h8i2ht.

TW dotectir 18●rrounded by ● & ●lid cn61a coamio rcy

anti-cotncidencc●hield. l%ls shieldooncistoof ● set of 21}liquid

scintillationcounters,220 cm long by 55 O= wide. ~ch ●cintil-

latoris vicwmlby ● phototube~ each end.

c. Mm 2ourcecnd Ev-cntWcte’.our courceof positivemuons da-

ccyingatmotistheIw4PPprotonbecm stop. About one hclf wi~

slat dam withoutnuclearinteractionscnd dechv at rest. ‘1’’hic

decv produces slewu+ which in turn c.tapsnd deccy. On the other

hcnd, nomly c.11the r- arc capturedby mclai before they cm

deccy. The P- cent-c?ninationof our P+ ●urea dopendm Bornewhaton

the c&positionof the bean stop but will be less ‘than@.

with the ihll 1 m 750 WV proton bean aboorbedin the beam

~ 11+/aec.stap, the expectedyield 1s 7 x 10 9 if we unum ● mIl-

34-
tiplic.ctivaMM, we hcve 3.5 x 10 vJ*ec titted qotrc.pi=~

tram tha bma atop.

me mm energy of the Va is ~ - 39 ~~v~ ~a OmsS-~@tiOn

for mactlon (7)is givenbyU

,, -@2 :CJ2@,\K- 2.06. 10-4_~(b2.6/EV) -2, (8)

whore c - 1!o+/me. TMS cxpreosionyields‘aE-ccnCms--s0Ctl0n

-40 2(nv) - 1.2 x 10 CM for our ncutrinm. ‘he e0rfeap0ndin2cwcnt

rateisfound fco=
E(evontr.)/mc- K(7.,)/sec~ L ~ (pmtOm ) (or).

lhe ●bove calculationgivm

lf(evento/Kw#Ton Mter-2 )- 17500, (9)

whereXctor’rofercta themean nourcc-ta-detectardimtcnco ml

run to the usa of protonsin the dstector.

ISteproposedI.cyoutof the experimentis shc+m in Fi& 4. me

ncatrimo rim icaepcratedfrom the be-m stop by SIX meterc of

sNelding. ‘1%0 werrge Lmcm-stop-t+detcctor distcnm is 8 rneterc.

Cur water Cemnkov cmtor contains0.7 tOna Of free PmtOm.

using (9),we obtain m event rate of 180/dcywith tho full beam.

TM experimentcm thomfore be mn in ● pc.rmiticmode with

@ll upstrom t,crgetnoporating. With one third of the bocn crriv-

ing at the berm stopwe still hcve a ronpectcblo60 events/dcy.
. .

D. ESmnt ~ns ●nd Calibrations, W@ consider10cbcevents (for ●

fifty-fiftymultiplicativelCW) ● ramonablc goal for the experi-

ment. lhimcorrac.pondcto 17 dcya or ●bout400,houre of becm ●t
l/3intensity.

To provide ● check on the e%perimnt, w- proposeto repeat

thit run with heavywater repltcing th water in our Ccrankov

COUIYter. Xelly ●nd Wborall= hwc sham thatthe cm-s-section cnd

●- distributionin pmceaa VOD + ppa- ●M nearly oqiml to the frrm

nucleoncrom-cection and distribution. Wa my, therefofc,consider

thic pmcoss ●a an invaraobeta iemtion on a fma neutrcminthe

pmmanco of m spectatorpmtoni
. .

va+lI+P+o- (9)
Z& deutariumin heavywatsrthercforamllowcthe electron.

CMUtiiIIOf- llOllUAIu+ decay(5)tO mtiatc tho ti”er.eb~ta

Drooms. In tactthe”total‘frcanuoloon”invarsabata decay rata

laindependentof tho choioo of thsmuon ooncmvation law; tMs
.. .

fact makes such a calibrationputicul&rly docimble. To porfomi

it we need the 10CO or 1600 gallonsof heavy water for a two-week

period. me tot- cmunt of tim we need for the two date mm ic

800 h&m tt 1/3 intensity.

Beforewa eqgagein date tck.tng,we have ta build up the 8Neld.

il12% ● point where the b.cckgmundscm tolerable. Whllo the

I&W part of the barriershieldccn be ● fixed Inc.tallation,the

last fou interactionlengthcshouldbe vcriable;we shouldcl-o

c.llcwflexibilityfor the rest of tho nautrinohouse. We can then

check the sourcecnd size of differentbackgroundcontributionsby

=Wing tha nhleldfm c.ndftid the flncl shielding configuration

rcqul:ed. l% exploratorynatureof this operationmkes predic-

tions of the requiredtima risky, if not IMPOSSILIIC.With this

mmervction we estimatethat the imtcllntion cnd opttmix.ationof

Bhieldingcnd detectormy tcke about 4 mnthn, with intermittent

pcrasiticbecm use at variableintensity.

An independentmamremmt of the p+ productionrate in the

bem II- would be useful. We mcy bo able ta obtcin this mber

by buildingA rack-upor the water CCIOcopperplate bean atop cnd

ViOV~ itWith phototubm . We would ‘tip proton, Of 75rJM~v ~

the mock-upat ●m minixmlrat.. IOiowm the characteristicsmon

I.ifetime,wo wouldobtaintheU+ to protonratioby observingtha

timodistributionof countstramourmock-upcounteraftereach

lncidcmtprotan.

Por our muon cotisorvction.~erimcnt it is mt strictlynaoas-”

smy ta havebeththeB+ predictionrateand theheavywatercall-

bration, IUther om will $rwldo tho MCCSSCCY nordalication,

Emmver, doing both would givo ● ~amremnt of the abcoluta moss.

section for invcrsa betA promm (9). TIUU@ it hat cwwcrbean

men, this?uction is not ●xpectedto offercny curprices~its

Cmss-seatioa would M a good aomictehcy Check on our upe~t.

. .

Lwcxowouwm111.

A. Neutrinos; The o%ygen in our water allc+m the. inverse bet8-
rmctian for the v- from norml muon doccy (5):

This reaotion

dcterainethe

-.
v. + ~o~ + ~(x)~+0- (10)

is ● potentiallyseriousbac%mund, cincewe do not

sign Or tho ●loctmn. However,the ~ c.nerpy
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of tha ●lectron in (10) 10 later by -13 XOV thm that of the pmi.

tfon in rcmction (7). FM- proton cvontn.’xnthereforebc identi-

fied ty their energy:the cilatinctive9+ peck ●t 50 MeV 18 ●ixrrc

ths cutof:,for oxygen ●vents. For fcaction(7) I&(e+) -53 *V

and (E(e+))- 42 MaVS for reaction(10)E-(6-) - 38 MaV,

(E(e-))c ’23MeVjWa havo vary difformt spectra indeed.

Ctretotal cmna-section for procesc (10)on carbon,

v. + ~cM + ~~ + c-, as a functionof nc.utrinoener&yha. been

13
mlculatod by hers.11 ucing two differentsets of carbonwave.

functions. Me.siah14has calculatedthe cmss-oection for (10)on

0rY8Qn●t a neutrinoenergyof 40 NeV. In pig. 5 we ●how these

fcsultitogatherwith tho free nucieoncross-section(8). At cm.

●nergiesthe two calculationson eaxlwnand thaton o~gen all givr

similarcross-sections:of(*C)/.Jf(TF)- l/3;CT(VO)/OT(TP)- l/?j.15

In waterwe havetuo freeprotonsper oxygennucleuo;but tha

number of v. for an additivalaw is twica the nunhr of Ve for

● smltiplicativaone,so thatthe fsct.ersof 2 camcel“eachother.

IIYpig.6 wc comparethefreeprotonand oxygen●lectmn.eno~

spectranormalized to theirpredictedcfoc.s.sections.With our

XT% energy resolutionwc could clearlyseparatetha fra proton

Wcnts wen if ths predictedoxygencross.mction were too l.m by

● factorof 5. An auxiliarymault of our experimentwill be ttm

memufemantof tha cka-c-nectionfor (10).

Wositranafma comic my mxxw,stoppingin our countorcnd

obcorvcdbatweenm$chinapulms civo us tho Continuouscnd sccumta

●rergy ccale cclibr~tionthct W- rmrd.

Othar neutritwbsckgrmmds for the●xpcric!mnt●m v - ● clu-

tic●c~ttcrln2cnd tha corfmt inverm bda fmction (7)with~e

frcmtho r!ontcminationof 11- decayingin ths be.castc%r.‘ltmsa -

bmlqrc.undc—t to only 2% or cur axpectedreal nautrinarati.

B. EcclayIrackgmundStud~. wo ham built ● 250 literwater Ca-

●kov counter,and studiedits responceta aronoenorgetiapositmm,

cnd to backgroundsnem the beam ●top of the new 500 W&/ I/2 w

saclsyElectronLinearAccelerator.m

‘rhoCerentivcounterwas a 65 cm cubewith 8 ptrotmu>tiplierc

vicwi.ngit. Its constructionwaa identicalCO that of our prO-

po.ced counter (cectionIII%)..SOthat we cm reumd the sacIv

counter●s a l/3 SC-IQmodel of our proponedCeretrbvdetector.
.

C% uniromity of roaponsoof tha counterwcs exceilent. me energy

resolutionat 50 NW was u - 11# for a photocathodeto well-curfaca.,
ratiowhich wcc 2/3 that of our proposeddetector. It is on tho

lmsia of tho saclaY study that we predict our count~r performance

with ●m confidence.

c. !itremalPeutrons, If a themal neutronis capturedon ● heavy

nuclauqmar the detector,,W- UY obaofvos capture - CMM xv of

rip te 8 NcV iw tho Cerarkovcccmtor. TM- ●wrgy 10 wall bc>a

that or our neutrinos,00 that only the rooolutionmd P11O-UP

tails ccn slmulatchiub enemy ●ventc. 1110rmponcs of our countor

to thatul neUtImRS1S shown in F%. ‘f. Pi19uP 9f f0Ct9 m included,

togethar with tha resolution. ‘l%.counting rat. falls ●2p0nentiallY

with increaciruenergy. A 30 NsV thmdtoldwill giva● rejection“
~aotoror ~oloagainstthitbao~round, lhsrafora, w. oao alla

6 rata of up to 1011 captur@&ums8/dty in &Ir dsttota.

D. Hid) harm Ifeutrotm.‘itmarrcrg.iasof proton recoil-from 50

or 100 NcV nout?-amcover tha energyfczionof our real ●vents.

Unl.tkea Scintillator,our countsrdom not detect the-eprotonc,

since theirA is balm tha Cmcnlrovt4ucaholdin watm. A Cormkov

counter sees 50 M6V neutrons only by their radittivacapturein

flight,N + Z + 21 + Y + 21 + .+O-. CM cross-sectionfor radis-

tive capture la 3 ofdersof mlznitudebelcw that ror r.lmtlcscat-

*ring (protonrecoiln),therefore5x104 neutrons/dcyin tho 50 H*V

rCXe Will KiVG us -25 baclq@und avoirtc● dcy.

.
E. Neutron ProducedFions. A neutronwhoce eneror 1S over 250 *V

cm produco ● pion in tha detectoror ner.rit. fiia is the mot

treacherousba~round, s$acamom from tho positiveP1OIU emit

pooitronswhom spectrum(Fig.1) 1- nearly identicalto that of

our real ●vanta. 2ccmmJ w- hcvc no kinematicalre$action●t ●ll

qpinct ibisbackgroundwo want to keep it rurdorl/iOthof tho FCal

neutrha rate. A 500 KoV neutrontrwcrsingtho detectorr~ion

willtic ● r+ with ● Probabilityof ●bat 1$. ltmrcferctho FStC

of suclr nautrona thrmigh the dotoctor ha, t-aba llmitcd to d 1000/dcy.

F. NeutronAhield. ‘ihallnitaon ncutmn imtc.satour detector

am -10%I.* ne.tmns, 5x104 ‘x M@ neutrons,cnd 103 “500

~va nautm”, par day. Zhiildingwhich 1S 8UfficiCnt ~ •c~eva

the la-t conditionit also aIW@ for the first two: pion produ-

ction at the detectorwillb- ths dcaincntneutronbackgroundfor

ttm ●perikumt.
lhs numb-r of csscadcnautmns ●bovs 35o NW is @out o.2~mtm

or 1020/dhySt l/3u becmcurrent. l%a.bizhensrgyneutroncr@-

lu distributionis stronglypeakedin the forwarddircctionjthic

pmmt~ the choiceof 30” for the placementof tlm neutrino~.

Asmncirrgthctth ralativcprobabilityof ea.tssionat$0°tofor-

ward @aissionis 10-2, cnd noting thctour detectorsubtends ●

sOI.idUI@ of 5%10-3,W- geta unshieldedrats Of the Ord~r Of

~015~eu~mn, (~>350 Kev). Wham.foreth- bsrriershieldhcs ta

attenuatethoseneutronsby .-lOU. Six metersof steel10 a gen-

erousestimateof tlm depthneeded. With suchhigh ●ttenuation

of directneutrons,oky-shine●nd ecrth-shineneutronsbecome iB-. .

portmt. me flux of such ncutzmm has to b- matched to that of
.

the direct c.nem by sufficientdirt shieldingand aid- walls. Ma

am in the praess of doinga dotail~dshieldingcticulationwith

a IANPF neutroncode.

o. comic llc.va.=rapolating our mmcurcmnts -do with tlm 250

Iitor counter,w predictcomic rcy pulces between30 crrd60 N.V

●t ● mtc of 2r106/dw in our pmpomd dotictor. ma 6% beam duty

CJQ1O cuts down thimrat. to 1.2fi&’/day. wa ●stinctcthe inef-

ficiencyof our urti-shiald WJ be no worco thm

3x.io-’.‘17ds@voo a c08mia my rato rmdw 36 aventm/day.
~r ‘thOSS COMC muons Which .eom h ,tip h OUr d.t.=tor “o

genarafoR 20 us cnti-gatato ●liminatopmitmno ~ thlr dray,

w dmd-tima loan ●mocieted with cocmio re.yc is insignificant.

WiSCUY. us noto thit.tha conic fW backgroundrstc w •poct~

OM bC uacumd u!lcmb~ously b.ti.m ~alr.$M pti,em’ ~im ~~s

s oonfidanb ●btrcotim of any aocdo ooatritutim.

.
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Of the We@C interactionhWe been CuggeBted, such as V. ~ Vk

conversionfed by a finitevu mass. (POntecorvo,J2rP ~ 984

(1968). The interpretationof mu-dec~ then has ● wider lati.

tude; the breakingc.?the additivulaw dam not imply a ntraight
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estimatesthe neutrinocross-cectlonon oxygen fr.m that on
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1. RzIergyspectraIn muon decdy: p+ + e+vv.

2. water Carcnkov C9tcctar.
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Chen, W. R. Kropp, J. Lathrop, F. Reinea, opcrat.d In th. standard, advcrtlxcdmod-

Sobel, U. of California-Irvine; and (-0.3ma ok750M.V prot.nco.b-amstop)..
F. Crouch, Case Western Reserve U. Prlnmry nemn Raqulrem.nt# IStatoanv r.wtrem.ntm on the m ah

~ “*. -

-x t.rlstlc.): Stsnd8rd runsIns conflwratlon.

.

.

nrsx3tct2P270PodAL

2C5A3.AMC6MESON PNTSICSFAC2L2TT

Fotirln. Phvmicc Prosrun: Zlmtlc .%mttcrlns,Toot

d 2dult1pllcmtIv@2AW, Mauarammk d Nmntrlao

rl~ 3nvsrscBDecay

F. Relnc... SPOKESMAN

.
PARTICIPANTS AND INSTITUTIONS

H. Chen UnlversltyolCallfornla,Irvtno
U. F. Crouch Cam Vest.rnZtes.rr.Unlv*ralty
W. R. Kropp Ua2v0rsltyot(htlfornla, Irvhe
J. 3.MbMp UIIiv.r.ltycd Califc.rnk,Irvine
F. 3tAna Unlvorslty of Cdlfornla, Irvlm
H. Sobol Ua2v*rsNy of CalNOrata, Zrvtm

‘<

~:
Jnmtall.tlo.T,m. R.au Imd (nobeam~ cm .oastralnton bun

(O.M. on or 0(0.

Tu “,-“~ BemmI(,1”. 1~, no .p. cial raqulrm.
m.mt.

Data Runs (gIv= rcall.tl. .stlmate cd hour. ne.dcdl: ● faw yaara.

Scbedulin~:

PF ●DD.r.~
&: 2 years

-GIwe●llIn<.rmatl.n .. cdher commitment. cd rc.c.rch nrcup thqL
~iw ll([.ct scheduling: no pcoblems aotlclp.t.den tbl.scot..

J#alor LAMPF Amamtu. Rewiredi

Sane ●leetronk. could be umful, but nothlnsmajor. 2s se.arat
datamisly.lsuwald badm. ●tUCI.

Shlcldlncmid Enclosur.. Row fr.d; ●m attacbod .ketcb.s

~cld S.r.leem R.qulr.d (Pw.r, wst. r, wwlnwrhr, .hep warlq ●te. 1

W=rrcwiramcnts m@m~.- sobw. .

s- .. Rmlu Imd (attachdrawln. zM/l= 1.vmitl: Sl, ctmnlc. ar.a - 208s308
located<1001 from d-tutor -- a trallorwcdd do. Cau2d womb
aecmunodatod wlthta dotoctor ●-a (cm ●titch).

Dats: March 30, 1971
..

TtM serk of .xprlm.nta her. pr.p..ed Is de.lg.ed to

UU1lXC the umiqua characteristicsof LAMPF ●s a neutrino aoorca to
scuwar ●avaal by questions ralatlncto the weak Intaractbm. AMmg
tbmm qmm.tions arm a testof th. .pplicahllltyofV-A theorytotha
●tmtlcaeaUarlngO(v. on’e.-:a teatotthnmultlplicstbmvaadditlva
lawoflw4.n..ns.rvatl.nLnV+deeafis memurcment ofthoV. flux
anda crud.mca.urem..t of ttm V. spectrum.

Two elasme. of dotactora, a imr[e pot of octnt[llator●d ●

mora #ophlstIcstadslabarrayof●lntlllator spark cbambor plug

-ter (%0) tarsctarecons ldcrad la o-o d.tall co as to Illumtnats
our ce.a.mlnc In dovaloptng the preferred hybrid slab ●pproach. TIM
●mantlal faaturas of Um slab ●rsy are tota2●mrgy, rate of ●aargy
10SO, iansltlvity to delayed colncldmxos plus dlroctloml dotanntnatloa.
2a addltloa, the US* of daut*rat.d target Iosertm ●nmblm● detmrmlnatloa
ol the Vm flux via the w.12 known Inveraa beta docar procasa V.+D+P+P+*-.

Tba upartmmtd dmlga takes Into●ccountbacbgrmndo duo
to COKOIC rays md the mmchkm and lncludw ch201dlnIUV2 ●ticolneldmxa
datmctoru T~lctial#ul raU#ara~ll&yfor dotactorowNhsms800f
cevord kmo. Thc9c ratoo auka th prOsrUZl haro propomd one cd S - 4
voar#durstlan wttb costs (excladtastba bulk okloldad●xpcrbnotil ●rts} .
ruiglnsfran $650,000 t0$900,000.

E timat d Run 3

Squipmnt T:mo (5’%
Xstimmtad Smhr of Ivantso]

Exporimat (SgOd#l mxolor tor dut
Y

9 m D c o
q?cl.) ~ (Wnths

Multiplicstivo
Ta8t 1a “ 4 12 (9) o (so) - 22 (22) -

Xlastia
Smttorlns 32 1s 100 (so) o (7!40) - 400 (400) -

SOa=dixation 32+3 (D20) 7 70 (ss) o (s00) 100 (loo) 280 (260) S6 (66)

m-mma223mti0n $2 +s (qo) 7 70 (s6) o (800) - 280 (2s0) 66 (66)

— — — —

mtal 30 Sso (1s6) o (1s00) 100 (100) 1000 (1OOO) 130 (l~o )

s) 11 noodarmtor tiiftdwek.
b) 0.S md, 700 KoV Proton beam and slmb ddtwto? ●t s Man distaaoo Oi 10.0 =.
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.

DS.*1ounantof WI Pr.taomaf

1.) V* +.- -’V. +.-

2.) tactof tb. nmltlpllcattv.va addltfvoI.ptoneometioa law

~.) ~) htmnclt’yOf tICUtrtIIOfh frC411P+ dotty

b) chap. .( n..trkao .p.ctrum from 11+dm.y (vtav. + D)

4.) more tnundsn. tr.toraettcnt

.) v. + ct~

b) v.+ d’

5.) ●xotkc tnt*raetlons9.S. V o.cttlation.

W. .tart.dwfth the .impl..t experimental mrmgmn.nt whleh ml~ht b,

capsbl. of ●ccompll.hlng ●m. of thes. obj.etom.. As th. Ilmlt.tic.nsof
.tht variou. appro.che. became sppare.t w. moved on t. !neraamtngly
.ophl.tic.ted.ymterns.

Th. fhwt.ppr-ch, simply a lac~. pot of Uquld .chw,!I.tm
- 5,000 gallonswith ●n .pproprlate cosmic ray antlcolneidefice,conti.
mm.tohow promise .. a method for ob.ervlng 12),14. d and p.f.lbly (1.)
Characteristicof the pot approach IS excellentaneray resolution(- z%),
and th. ..mttiv{ty to delayed ec.incld.neaa md pul.. .h.p.. The.. f.aatw.s
.n.bl. .. little.s a few percent .dmtxtur. ofmultipll.ativ.law t.be ●.n

Via V. + p 4 n + e+. In ●ddition.V= + C ia (onC. + cm) could be dl.t%ul.h~

la th~ majority of case. via delayed .olncld.ncm lnvolvtngsround .tmt.

transitions of fh. prcdu.t_nucl.1, ?@W (or 81*).Om the c.tb.zhind, . v.ry
large .dmlxtur. (50%) .1 Ve retch●a would remdt from a ,,maxlmal,,multk.
plicatlv.1.w would provldo . nm.t dUflcuIt,Ifnot Insoluble,background
for th, tmporfmit v. + ●- aicnaI.

Th. k.? problo& tobe faced lo the pot ●pprmch r.1.taato

am neutrino●..oeiatedbs.k~raund. 1. 4. eo#mic raym and machln.. A
rcallstlcVI.W .hows that.“7 maters of iroa.hl.ldtn[shouid ●IbnI.ste

back#rmmd# ●asoclatedwith maehtn. nwat,am. Thh eoncluelen is bms.d
M the ●a.rgy dloerlmlnattma ●vakkable wad the us- of puh shaps to aept?ate
●lOctrOm from r.cotlprcitan.. S%s kaftcr factor h not known wtth ●ny

pr..l*t0n. ●lfhOugh itm@ht be ●m high sw flv~. cO~m!c C~Y~ pr-ent
● realproblem, requiring ●n Inertshloldof ●om. Z.~ x 10’ gmlems
.bova th. d.t.et.r to remove nucleo.s .s well ● t. .Ctenu.h the
tncld.ntmuon.. Detail. of thispomlbla approach ar. found In the Appwa-
dix.

Zn view of these question.,we wet. led to inquire m t. the

char-ct.ristlc.of the various reactionswhich were notutlllz.dIIIOm
potexpa,iment,qu!teclearlythe dimcti.n.lky and ,Peclficlmlz.tbm

played no role. Accordingly. . mere .ophi.tl.atedd.alga lncOrpOratln#

the featurem of the pot plus a ..n.itivityto direction●nd qmclfie eneray
10.. was developed. A. described i“mom dctstfbelow, itcon.l#t#of
● #cIntUlaUng slab .andwich l.ter.per.edwlfh very thinwall spark
chamber.. Since th. spark chambers comprise a snmll fr.ctlonof tha

maso, tb. w.intlllatorsoperate much lik ttm pot except for s 1o.. In

●nargy m.olutlo. because of the less favorable gam’nstryfor the trans -
tni..lo” of s.lntillation light to the ph.tmnultipliers. Tb. desd tint.
=.m 100ed by ttm pulsing of the #park cbmnb. rs doe. not ..em too
.estsiet{ve. hi .ddiftc.nto the.. feature., the segmeated s.1.tui.tor

amble. the specificenmgy iosa tobe inferred,a useful d{.erlmimtor
●gmlmt recoilpmtonm, for example. The excellentdireetloml .en.l-
tivityof the Interleaveds~rk chunbem ●nd trs.k end infc.rm.tim is
most helpfd in ,qmratlng the .huply pe,k.d re..llv. + e- electron
from b.ckgrmmds arl.lng from mmnic ray8 and Inverse bet. decay. Aa
●idltional(cature of the lab .a.dwlch isthe .ttractivepc...ibilitycd
Ineorpor.ttng .ov.ral thtn,heavy water target. In the array ‘o u to

prOvid. a nO~*li.=ti.n .< UI. % beam. In ●dditionto reducing uncer -
tai”tie.lathe beam int=nsityand .p.ctrumsuch● directmeasurement
ofthev. spectrum1.ofcon.ld.rableht. re.t h it.own right. The

WW=.ante of vi.ibiotracks i.. not ~.ttt.=v,v. feabr.. ‘

Because of the excellentprospect. for . .ucces.ful sl.bti
lab .andwich .erie. of .xperime.t. a. opposed to the mm. ltmlted

(and smm.what 1..9 .o.tiy)Pot tacbnlque, itIs pr.po.ed thatsdvanfq.
b. fbk.. et the modular ●ppros.b whi.b i. Ntural to the slab .andwlch

90 u to optfmize tho eventual conflfiuratlon.S0, for exampl*, a qu*rt9r
sk.slab axray ccdd b. used a. a pilotto deterime background. and,
tneldcntdly, achieve such coal. a. to t..tmdUplleativa VS sddktve
l.p+om conservation 5n 11+d...,. Tb. dewiga whlcb 1. sIv.m blow rdleetm “ha
●xtranuly eon.arvatlva ●ftif.da,.apoctakfywtth ra.poettoshleldlng
‘kgdnst neutron. from bofh the nucMn. ●d from cosmic rqs, ●.g. fawar
than 100 nantrons traverse fkm datoctorPC? day frmn both murcm.

Rem-h T-m

1.) The unkversltyof Cdifornl& lrvlne-Case W.st.rn R.s.rve

~roUP I. currently engaged tn sn exten.lve Investigation.1high.enarsv

m.utr!.e !nt.ra.tionatwo miles md. rgrand, using eo.ml. rsY.. ‘Th*
dct.ctor 1.. .ompoalte .cintill.tlon,fm.h fubc hodoscop. ar.ay C.n9i9b
~g of zoo d of .I.b sclntlklationdetcctorm ●d 50,000 ~sh ~b=m, •~h
a. z maters h l.ngth. ‘2%1..ytem, probably th. most .l.b.rat@ d.te=tOr

t.) We ●., ta ●ddition,111th. proc.a. of eon.tructfnga larg.
eeSfnic ?by muon detector ●t UC1 for tha purpo,a ef ,kudy]n#01. SPa=w
and lntaractlonof mnon. In the T.V rang., IIIthl. .mmaction, w. have
daslsn.d and am csmtructinn nov.1 wI,. a~rk chamber. with m.gnatc.-

#trlctlv. readout, ..ch chunbcm containing4 wtr. plane. and h.vf.~ ●n

●raa of 10 mm,

3.) The #roup baa ban conttnouslyenga#.d for ● decade In
fma.tlgatic.n.of low .mr~ twutrlno interactIen* u.in~ t.m,tm.. Cur.
~antly w. arm attemptlna to d.tmt th. .l..tlc●catt.rltigr..etlo~?e+ .-+
V. + .> ●ad ●re wf!hln ● factor of 2 or 90 of fh. li..Cl99a.y9M9UlVUy.

Ros.ar.b T.un . Participation

Th. och.dulo 1. such thtwam ufd ba .bl. tomake the ZAMPF
V ●xperlmentml program on. of our major aetivttl.s, substitutingIn Iarg.
maaaum for tb. d..p undorgrmmd co.mlc ray m“trlno pwjat which f.
martng sucemnful completloa.

N 1s ●nticlpmtedthst● totalof 4 phy*Ici#tspium taehnici.n.
woufd cp@d a msjor part of tlmirtime on tlu LAhfP~ ●ctkktyettherd
thehang Inotttutlensla praparatloa or data ~afyaio or ta rasidem. ●t
LAMPF. ‘rhOS. Uated weuld b. •t~entad by on. or two ether. pf*8.lltfT
tllthe -~~p Or wldar SCtkO consldarattaj a, pa,, iblyJOImI)~ II, Ia Mt.
Utfvlty.

SPECSAL APPARATUS TO BE FABRICATED BY LAMPF
(@v* full d.oeription tncledlngshtcb.. snd coot e.tlm.t. ):

A ●batch af tho skIald eenflguratlon and e.p-erlme.td roan
suttahlafor Uiic progrun 1. ●ppead.d. Sti. hoped thstthiswo.ld b.
prodded as part cdthe LAbfPP faelltty d fhmtqwoprbti detail.sd

dmmigaad eomt●atfmatas●nd actual fundl.og waild ba prwldad by
LAMPF. It1s udlclpated tit all ether ●xpsrtan.nfd qntfmu.nt wculd
b- prwldmd by fkmuPQrlmaIIfaz graup.

fDENTIPICATION OF HAYAUK Associated WZTH T2fzcEXPEftZAfENTAL

APPARATfzs AND PRECAUTIOBG TO BE TAKEN: .

TEX SLAS USTHW

(E. E. - MO J. ~. LA3URLW’)

1. Zat roduc t ion .

nic ●laatt.a9cattarhg of electron It9utrin0s by cleetrons

v. +a--vm+O- (1)

mid tho oorremmndinr reao tion with electron anti-neutrinos h-v.

-t ,.t ~on ~b=em~d. @,s~4) TM. awactton 10 an OX.=P1O Of S

Sdlasoml’ interact ion wbicb has been tha subject of such recent

intsreat. me CX’OSII section for (1) can be predicted ou tbO ~i=

(S) ~o=ver, itwasamhtat‘Ut*ofOniveraml V - A theory.

~ll.umn ●t *I. (6) thmt the divergence dlfflcult~e. Of higbar

order Teak iataxmction for ‘diagonal’ interactions are of a MN

sinsular nature. The result is that reaction (1) cross sections

aould dlffor signlficmtly from V - A.’7)

.. The.●dvantscosof US1OC LAUPF ● s some of oleatx’on nen-

trinos zmve been discussed. ‘B) W. list and oon.ider briefly

momm ,of the imwrtant points.

1) l%= flux of ●lectron neutrinoo at 10 meters from the beu

dump ham been emtimsted. Por n 0.3 ad, 700- kfov, proton be-,

* is about

1.7=1012 am-’ *,-1 “

2) Iil.atron nautrims -r. produood a- follows.
~+, . *m-

dumd in fmclaar Izstaraetions ~top ●nd d.mxy wftb~n a vc.ltua wltb

lifmsr dbaulon 2’. Tboso Drndueo P+’= which ●toP mad deo~~.
(9)

.—.
of It, kind, is yleldlnrrccultc.
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“n“os sra nbaorbad. Yhua

i)

ii)

iii)

1?)

v)

Ti)

s. with

Vets ar# producod with ●ssantisllyno.;.%.

v. ●p.otrum is known. [t, ●acrn is h do raxo

O s ~ = 5S kIoV,Sitb -an ●OYCY of 3S lhT.

VP’S fzw= w .md II daoay at rmt arc balm thrmb-

old for ●ny known rcaotion.

tha invarm bets rodotiom os bound a.utroad,

ve+n - ●-+p (*)

●m supprmmd by tbo Pauli 3x01 USi0a PriIB2 iPIO at

tbmcenorcim. l%. ●lootion of tmgoto with a

larKe Q valuo cm furtbor auppmm Yomation (2).

tho iaoldmt ncutrino dirmtion is knom! to ● #.
.

tha Qlmtroa mcular distribution fro= a’oaotion (S)

1= (rouchly) isotropla; that fro- mmt ion (1) is

sharply pmkad in tbo forward dlreotlon.

●bout a 20 u-v tbresbold for datectlon of recoil

●hotr.ans , it follows that:

i)

ii)

iii)

on- is f-r abovo bsckrmunds fYOm naturalradlo-

sOtiTity.

tba ●laatronama ninimm ionizing,●nd am be ●mily

distiuuisbad from otbor obmrgod particlm with tho

sm. ra~a.

●lmtr-ans from roaotion (1) mw Oomtraimd toha
within ld of tbo fornrd dlr.ation. ~ith multiplo

M~ttOrlW, theso ●1.OtmnS ●r. ●till 00IISt-lMd

Tithia a forward com of about 15° (la tbo propoaod

btaotor).

wo describa next a dotaotor for ramtion (1). The rsta of ●rmts

in this detaotor for romtion (1) frtm V - A ,18 ●xpmted to ha ono

half ●mnt per tiy. 3ho bsckgmund from rmctioa (!4)b& MOB

●t iutod and found to M Uller thm tba aicIIml.

11. ‘i%- Plmstio scintilla~or - ~ Chamber ortector (1).—

1 no Dmpomd doteotor would ha s amdwicb oonaistinc of thiok

plastio Mint illators and marrow cap thin foil spark oha=bar

modulos. Itwould h-va dimnrioo# 10’ (lmrtb) x 8’ (width) x 4’

(haight) and rould cent-in 3.7S metria tons of plastio ●lntil-
lstor. Ymch Iayor in tba ssndriah would contain S. 9 tdma Of

plmatioK lntillmtor and 10M than 0.2 ~asa of foil spark

cbuber. ‘rbera am 33 ●ndrlab Isyarn dtocotbor.

TIM tqcat ●le.atrcm am in tbo plastia mintill~tor. 7hia

utarial Wm chosen beams,

WIC threshold for roaotion (2) on bound nautr-mm is

lsrro, 1.s. Q valuo i- 18 KcV.

tho radiation Ia!gtb is larce, ● that multiplo mcat-

tariw for ●lectr.anr is minimimd.

tba ●nargy of tho ●lactron cm b. momumd vim pulm

balgbt to bettor than ● 13% onaa tba loo-tlon of tho

●vent in tho count-r is known. “

d3/dx in one lmyar can M 8aammd in order to Isolsta

●lmtrons from otbsr ohsrrad kmrtlolas.

l%. dalayad aoimidanaa 8cthod aan bo w-d to idcntlfy

inmraa bets rmotions on C13. “

xaoh 4“ x 0’ wintillation plmo would aonsiat of four Z’ x4’ x 1.5”

aountam with lone side borixontal, mud install-d f ?09 ●itbor ●id=.

Tbo tkln foil spark abambor rndulm src umd to got SPwkl

and kn@ar inforutim. l?iam nr4 few ga~ lm ●ach spmrk

abmbcr -odulo. &oh cap ia of “aanonicaln width, 1.0. 1 cm

7bo four cap- lmura that mcular inforutiom can ho rrcordcd to
,.

httor than 5* in om spark abhor Wdul.. Za.sb madul. 1S .

4“ x St x 2;, also stmdlag with tbo lo= ‘id. hori~ntm10

7bo triccm for m ●;ant “mcurm whoa tbre* or maw swcccssiwa

moifitillat ion countor plmm ara in coino idenco. ’10) Am ●voat

is d9fla6d by .i~bt or 9ora aonti~us sparks. With .paoial im.

forution provided by tbo spark obamb.r -dulo on. cam dotomlac

i) d3/dx wing tbc middlo countar to idontif7 tbo ●laotma, .

ii) tba caor#y of tba ●loatron frm total PUISC hoicht (to

● l= or bottcr).

*itb angular inforut ion providod by tho ●park chub.r modulo,

on. am isolate raantion (1) f- a.mation (2). 3%kiIu 20 M.v M

tbrmbold(ll) , all ●vmts from rcmtlon (1), brcmsa of kimmaticn,

will ho found within s I@ cone. With mlt lplo sosttaring, tba

dot.otad wonts from resotion (1)“willha Coostrainod

within a 15° C0119.

TIIo “cffioimcy of tho dctactor, for rau.tlon (1), intacratad

over tbo inoldont v. sp.mtrumisa fumtion of tbc thrmbold for

dotootlon of tho ZWCOil ●lootron. wo lt,t tho cffloianoy .s.

tbm-bold in mblo I. ‘

~

~rmhold (Uo Xf f ialancy CQ

10.0 68

loo m

ao. o .s9

35.0 37

30.0 17,.
35.0 ●

Balancing Off tbo incrammd ●ffloionay -t lomr th~.bold, i.

tko largar mzlo of recoil fran tbo forrard dlrratloa ●nd tbo

~~ar mltiplo s.xttming mgla. lko ●xtont to wbicb tba

tbrmbold am ba lomrod dopmds on tka signal ta background rat 1..
.

3tIo sicnal and bmkcr.aund rates aro ●timtad naxt.

1X1. @ti9ated Rato for Resation (IZ

Wo tmko tbo tbraabold for dotcotion of rwmo& (1) to ha

20 MoV. Tba d.tootlon .ffioianoy of tba apparattu will thm ko

4@. 3’ka Svoraco ●nergy of tba nwtrho in tlmdstsc.tod rm.atiom

ts 35 MV, thus tba moan omss sactlon for raa.atlon (X) fmm T-A

- #. Sx104S O.s. lhc ●v.nt mto h

n - (Va flux [cm-l ~Y-ll)x (nmMr Of ●l.OtrOns/~[A9-1])

x (4u Of tarcat[c91)x

X (OYO-~#-OtiOm[C=%j)x (dctaatlon●ffiOiODOY)

- (1.7 x 10%X (ixex lo% x (3.75 xlo~)

x’ (6.9X 10 -% x (0.40)

- 0.6 Waatm/dsy,

Zmh ●vent will bwe S -33 cont~us sparks dlyaoted wlthi~ ●

15* aono of tbo amutrlno raurco. ‘ma abmr~d partialm will br

idmatifiod ● ●a ●lootrom and its •ne~ will ti km- to k8tter

than ● 13S.

IT. ~stimatad Rat- for RoaOtion (SL

Sm4mtallys1l tfmnautmm wbtdk mm amllablc im tho d.-

taotor in erdor for ramtlom (S) to~md am found km C1?” Ike

.’

I

%

30



ramtlon 1s ●nergy. With a 1S.0 UOV threshold tho ●stimted rato for roao-

.

1

.

rbora ‘#sn CYesimates all po..lbl. flc,.1 .t.t.. Of tfI. Imv.=.

beta remtiat on C’g. “

Cmm s.OtlOn*for rmot ion (3) am sifmifiemntly supprosc.d

u ao=Parod tO 6 02 StliCh is ●xpaotod if ttm neutronr in C12 sr9

f rOC. TtIO 9Upp;CS0108 000UYS for tra raasoos; i) tho Q salu. for

r4aoti0n (S) im lmsa, 1.0. Q -18 UaV, ●nd ii) thoPmli EvOIU-

S1OIIPrimiplc rostriatstha final states which arc nrail~bla to

Um p=toa. A crude eatimto of ii) OSII ba mad, usinc tho ?arni

SM wdml for tho nuolmm. One rot~ tha run known roduotion

f-tor:

sherc l~lz - qz
(1++) , ●P is the proton mass, q2 - (v. n

- ●)

is the squmred 4-Domentum trmsfcr mnd pi -0.224 . is th. ~rni
P

momentum Cross sections m-e given in ~ig. 1 for r-action (2) on

i) f=a 00UtrOOS, Ii) nOUtrOIICIwith Q V~lUO of 18 ileV and

iii) neutrons sith Q vslue of 18 Nev and the reduc t10U factor due

to F-suli t?xclu.rionprint 1P1O. For Xv -40 XOV, one sees that the

cross smct 10II i. redumd by a fmotor of about 35.

sine. this Groes section is roughly imtrc.pie, on. hss to

inoludo OlllJ tho fraction of the oroas SCOtion in tho 15* aono.

A f ●a tor of tra bas to ba irtcludod bacau.a tho ●lcotronraaoil in

tho backward oone would be confused with the fon.rd eon.. n.

sffcctivsbsckcroundaross ●ectioa is .

L& - (2) x (*) x (1.3X 10-40) x (+) a#/nautron

.

. 1.3x 1043 cs3/r..utr.a

Wbare th. last factor isth. f rmtioa of solid angla in tho lSO

cone. m- ●ffaativo al-ens Llection for rdaotion (1) 1-

●❆▼ ✍
01 (4L2X1043) x (*) cm2/Olectroll

-3.1 x IO-43 c=2/eleotron

wberc tbo last faotor is the frsction of elootrons with ●ercy

rreater than 20 U-v in tbe lnb for a 40 MoV incident nautrino.

ltn!sone sees ttut the signal to background in tbo 15” cone is

larger thnn 1. In ordor to determine the background in tbe 15°

eono experi90ntally, one has to look at eventsoutside tbe 15”

aona,

WO havo alcxlcalculatedthe recoil●lootronnpeatruafor

rmat 10- (1) and (2) integratedover tho im ident v. spaatrus.

The differentialcross sectionfor reaction(1) is knowo; that

for rmctlon (2),m tako M follow

d02 - .Y26(T. +Q - Zv)dTa

1..., that tf!ocleatroncm.rieaall tha mailsble cner2y. Tbo

ramllto Sm Civen in rig. 2. ~=mrinc curves 1 and a, .. ...

that it my M posaiblo to 10-r tba dataotion threshold SIMO

this background deoreasos rapidly with smaller ●lcotmn kiao~io

tioa (1) will bC iaoromod from 0.5/day to ●bout 0.d6/dky bocmso

tbo ●ffisiwioy of tbo dstmtor for romatioa (1) fmm ba.m itmwag.d.

Aw,klous Romtioas.V. — —

(1) ~ltiDliOBtivO -n ~onsm-vatloa ~w

If lapton numitor aonsmvat ion 1smltipltoat iyo,tfm
Positivemkoaam)dooay vis citbw ’12)

ll+-.++ve+;
u

or
N+-.+ +;m+v

IA

Tbs .Iaotron anti-nsutrino will bc easily dotectcd via tha raaa-

tion

G*+ P- O+”+n,

with protons in the plmtic scintillator. morn curve 4 of Fic. 2,

(a@ an approximation) and taking the ratio of free protcmm to

●lectrons, we see that a one percent Contamlnatio” of CO,c. in th.

neutrino flux can be easily detectedusinc recoil electronswith

●nergy greater than 3S kIeV,.nd ●n2ulmrdistributioninformation.

(2) ktuon Neutrino Interactions

Muon neutrinoscom from n and p decsy at rest. From

IIddmy ●t r=st the Muon neutrinogets 30 uev. ,T2NMif the muon

nmutrino hms am anomnloun inte=ac tion one would expect to nag

●ither ● peti in tbo reooil electron spectrum at 20 NeIV car ● #harp

Outof f in tho ●lmtron ●poa trum ●t 30 UOV. Seth am be clearly

det~ tad .itb tho pre.ent mpparatum.

VI. Oetnils of the Oetactor

(1) ShioldinK

A s.sbemtic of the experimental .ito is tiven & Pig. 3.

The detector 18 placed 90° froa tbe proton beam line and located

- m aloso as possible to the beam stop. To obield the besm stop,

Mven meters of iron is located infront of tho detector, ‘ilw

lastthree motors of iron should k u.vsbl. so thit uohino bmk-

ground am be ●tudled. ‘ftM datua tor itself 1s surrounded bV an act iv-

anti-aoinc Ldmc. shield which removes tim pmetraiing component

of Oosmic rays. This oystem 1s then surrounded by several =Oters

of oo~rote *bLch shields sgainst thermal neutrons, and the

soft aomponent of cosmic rays.

(a) ~n Shield

Itirb energy nout=onm (with K.X. > no threshold,

280 UeV) are produced in the bem stop by the incident proton beam

and can cause ● merio”n background in the detector. At S@ from

tba beam lltIO the production of - 10-3 nm”trons/sr/proton ’13)

oacura. Thm ‘@removal,,len~th for energeti= neutrons i=

J“ 170 gm/c.2. (14) If we require no more than 50 neutrondday in-

oident upon tbe detector Which subtends 3 x 10-2 @r, then 7.0 m of

Iron woald be meded ([orO.3 mA prlnmry proton beam].

h= level background radintion from SIOW ~e”tron~

can be important in produoi”g mccidentml coincidence in tho

detector. Beosuso tho trlcger OCGUTS when ● threefold coincidmnae

O.xistm, such ●coidantnl coincidenoa ratem are low with tba 9bioldinC

Providad by 7.0 B of iron. Nevertheless, 1.0 m of oonarete

sbioldinc 19 iaoluded benauso tba ●nt i-coino ldenoo shield. 4$ ha

discuss-d lntor, ■ay rmuim it 1s Order todearuasa this low

●awrgy taak~~u~.
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(b) Concro toSbicld——

Itia dct@otor 1s Surrounded by 8w.ral m.tmaof b.mry

oomx’at. (- 1.2 x 103 tiomz) md 1s under s sailing of 1;0 m of

lfon. TM- shiald ●bsorbs tho sot t component of COS-10 rmya, 1=
*

partlau2ar mutr.am. Wtb”out this shlald, the Im8bsr of ●n-r--tie

aoamio ral mutrom (X. Z. >280 MeV) travarsln# th slab dotsotor

W ●ppyoximataly 700 ●O ‘1 (6X 107 &y-l). ’18) With 3.0 s of

hmvy oanor=to MUI 1.0 m of iron, thts a~bm ic rsdmed ~ a

fsotor 105. Tbo machim duty CYO1O further raduoas this a!mbcr

by s fmtor of 16. 7bi8 rmults in about 40 mutmns/day in tba

dotrotor, a n!mber that la comfortably USI1.

(e) Anti-.aoinoidenco Shiald

. ‘fkw ●nti<OltK ldcnco houm will huva dimmions

●PPr0Xi9RtelY 1S’ (len2th) x 15’ (width) x 10” (height), and it

19 shown in rlc. 3. ‘lb act u s shield, itmusth.”.hi~y).ffi-
aicncy while baint relatively ins.mitiv. to le.. en.rgy hack~round.

W- think that liquid Scintillator in ●crylia slab tanks, similar

to those mod by tho uCI croup in tha underground cosmio ray

nmtrl”o ●xperiment, will meatthese requirements.

With 3.0 m of heavy concrote (- 1200 ~cm’) .ur-

munding tho detector, tha cosmia ray muon lntanmit y becomes

slightly 108s (x 0.5 ) tfmn the sts”dsrd Sm I.v.l imt.~sl:y. m.

numtmr of mmna traversi~ the detector im ●mtlmted to ha 800 mea -1

-1 (16) fio ~~b.r Of .topPinC muons in tha dotootor(or 5 x 107 day ).

in ●=ttmated to M 20 sec.-l (OI.1.6 x 106 &y-l) c w. pm~,. -t

to distinmisb bat.m.ntho traversing and stoppi~ mom in that

tho ●ti-coiwidmco ●hlald will Canorato a 2S Bmo gato for

●very mtl~oi=ldenco sicnal. With m ant i-cairn idmoc ●ff i-

cioffiy of onc pnrt in 104 ●nd tlm m.chin. duty cyc1. Of ~, tb.

dct-tor trlccer rat= la●cceptably 10., &CSUS9 the detector

trigcor is def imd by a triplg coins ldenm in tbo upper or lo-r

croup of count.xw and bacmm coa=ta rsya are mostly vertlcsl,

tboro 1s wm. sddlt ional sutomat i.arojec tlon of tho coamia ray

●icml. With apm lal and angul~r Inf ormat ion provided by th.

●pnrk ch~abors, s dlsarisimtlon fmtor of at lasat 30 1S ●lso

to b- iooludod. ‘hlS cOSmiO r’ys will b. .drqmt.lr sbi.ld.dc

Xc note th-t tbo number of mmm travorsinr tba ●ti-oolm.iderna

-1sbicld is .pproxi~tely 9 x IOS .M . With s 2S Barn cat,,tba
●nt i-coi= idenm deadt lmm is &X.

(2) @intillmtor =

2mh sctntlllatlon plma 1s mado up of 4 pisccn of plmtio

SOintill~tOr with dimonslon. 2, x 4* x lit,, and GMh pie~e .iaw~d

from tho short .nd with SiX 2,. photomultipliar t“ben. no ~bo-

-tic 1s riven in rig. 4. An e.timato of cost f- given in lkblo II.

Tho SCintillator rosolutiOn is mttmated in 71c. 5. YY* 89* that

th~ uncertainty in pulsa h. ight for tha pamacc of a minimum

ionizing particle throogh on. slab is bettor than ● 20%. mla

is a ●tfflaicntly tccurato d2/dx mnmirammt to dlsari=lmto bs-

ttaen ●ledtmor and other cb.rg.d p.rti=l.,e
TM unoartainty in

9n0rc~ fOr ~ 20 McV .1- tron whi=b ~ ,toppad 1’ d~te~lned te

ha bettor than * l=. with YYC11O or with a lmgcr nub-r of

pbototubes, th- ramlut ion cm tw si~if lmntlyf9provod. Wc

●mpbmlzo that tho location of tbo ●vant in tho sointillator slab

ts kmwn from anal?sis of tbo spmk abmbar dsta,mid in used to

00UntOraut light at ta!mtion ;8 tko ●lab, i.●. to @ sbaol?to

nO*lla*tion,

(2) ‘i%ln YOil ~atk Cbambor iyadulcs

Ttw thin foil ●patk obmhar mduloa b-ro samltiv. S-M

of the mam dlmwlslon as ttm SOlntillation Plln@#. 2sch mdulo

will bavo five alwiaum foils aoparstod by 1 cm smb. Eicb vol-
.

t~e1saonnm tad to tvafolktoccmrat.four mattvmspark csps.
.

Tho total of four ●pariu pmvidcs for ●iff ioimt mrulm rmolu-

tion in 080 mdulco .

(4) ~otazragh~

Iha spark ahmbcrs aro Viomd by ●all mgla ●toreo. M-

MUSS tb. ●ntlrc detoator m$t ha plncad within ● mti-ooimidanao

tiicld ●gainst cosmlo rxys, It is mccmuy tu mim~izo ths voluma

within tht, sbiold. Pomiblo ●pprombom mro shorn! in ?ic. 6.

An altormt. sppmmh is to U. ●ithor ~mtostrlot iv.,

acoustiaslor wira spark cbmbm8. TYmm would dmaramo tba cost

of tbo mti-dolncldenca shi.ld, but tba ci.t of spark obmboyr

and peripbaral equipmnt would fnarms. ●long withCba addad

CO-PI icat ions of tbo spark cbambors.

(5) &dtrenics ●nd yacio

‘Yim =intillntion counters provids 12S channels of ln-

formt lun. Yor ●cb cbannal tharm sould h~vo to ha a limar

uplif ior, a high Iovtl and a low l.vol discrtmimtor, malo2y

pnlm helgbt ●toraca, md quick kCC98S ●toracm. Tba mtmdlrd

●leotrontos -nd locia is .1s0 rcquirod for triKK.ring.

?11. ~temination of Incident Jlcutrino FIU.— —

2r0mim tba propmad mtbod fOr studying r9sction (1) 1S

Y91ativoly olaan mid L!commc it om prorido ovar 100 ●vont9 fxwm

Iwaa”tlon (1) in ono yam of dints tmkt~(m9umincUaivarsa: T-A),

tbo iooidont mutrim flur ●ut b.known Sccurmtcly w that tbc

●bSOIUtO 0=8= _OOtiMl fOr rtm=tlc.n (1) ean b. d.tayginedc

(1) A P=slbl- ●PPMttcb to take is ●. follow. ~lld ~= .ddi-

tlonsl layers of tbo smdwlob doteotor wham imt..d of” pl..tia

Sointillator slabs, am tnsort. ‘tank.. .itb dkn.iom

24” = 48” X S~”, fillad wltb doutorated lJquld ~fnti IIatorO ma

00nt8imr “tmkd SN made from ~. pl,m:i= .
7bCSS ‘t.ak.” held

•DP~ximt~W on. half -trio tonofCIOE,DLO.Yhothickm.. of

th~aa “-hksn i9 not a bandimp bmmac tba -aation look.d for

i9

Vm+D-o+p+p
(4)

-ieb is muclll~ lsotmpic o IYIUS mltlDl* Scattorinf ts not ●

Problm. mom “tanks-mat b9 ibsortcd within tb. d.tmtor is

ordor to dit.ot baokmrd wonts.

~.●Sttmatotb. ●wnt rat. for mmt ion(4). n. MM Mu. .

*~ ●aerlY is - 40 L!*V - thatthe lnvorso beta omss ●ctloa

on froo Mutmka 1, - 1.2 x 10-40 ~.z.
Tbs aroma smctlom for

Xmotlo,a (4) is - * nallar. (i7) ~U

R - ‘107x1012)x (%x 6X102’)= (0..5XM6)

= (+x 1.3X,040)x ,0.3,

- 0.4 waits/d.y

.’

#
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.

fillad with D20. ~lth D20, one h-m =oU emefXY r9#0?uei0n ●i=*

tho ●n.ysy depoalt.d in D20 is ubknown, but th* aost Of 0# is

rolativdy -11 (SCO ~bl. II). TtIO thrm Ityors ●r* ovwaly

distributed within tba ●wwlwich so that wonts inltlatad in roAo-

tio!a (4) in one “tmkw do;- not penotrato into tba other “tankO”.

TM ●stlmsted wont rate !Atb tbo ●bovc oonfixuration 1s - 0.9

w,at9/day. ‘k’tminor=sso h duo to thoaddl tionsl layer and duo

to ● Iarcer number of deuterium por wleoul..

It is O1OW that tith tbe a-v. tppxxmibea it in pbssiblo to

detarminc tho incident neutrino fMIX to bet tar tkan ● IW statis-

tical aacuracy. using this ●xpsrin.ntally dote-ined flux, it

4S Dossiblo to date-in. rcaa tlon (1) oross seo tion to t 15%

(amIminc univmsal v-A).

VIII. ~ PfoPosed proRrma
. .

smnuao it is des irnhle to lootto tbe dataotor system ●

alooe am possible to the be.. ●top and ivwauso of tho uncertain-

ties with recm’d to the effects of neutron induaad background, it
innotclear what theoptimum distanco to the beam stop will b=.

In ●ddition, the intensity of tho v. flux from U+ dooay is not

known to high accuracy (- It%). Such InfO-tion iS nacesssrf

for ●n nccurato absolute nor-l iz-t loo of tha elastic IIoattering

CYOSS sac tion if the reaction is obsmnwd.

A program which sill prc.vlde answers ta tba a,bovo problem 1s

proposed. Tbe sequence ta 1L=ted 18 aolumn 1 of ‘rabl. III. TM

raquirad Wqulpment wid ●stiuted run t-s uc civalt in cOlum-

2 aad 3. Tb. .caolerstor duty oyolo r-tern to ●n av.rago of 11 ‘

sbittdwak accolarator on t4mo. Xsttmmtad wont rmtrn Zor tha

different rOnCtiO”S ●ra also given. Tho number in brackat,

S9SUMOS 5~ JO “s fro” P+ dec,y .S would =e’ult f ~= ~ .-~m~”

SUltipliative 1*.. l%OSO OStimateS ●re baaed . . s O.S ~,

700 Uev proton beam curren~ with tba slab deteotor loamted ●t a

mesn dlatanco of 10.0 m fmm trm bus. dump. ‘1%9 expected numbar

of events on Deuteriun 1s sorsewhat higher than given. (17 )
TbUs

tbe estimstad YUn ttme 1s 2* y.mya.

With the pls3posod prO~U, it appears poa’iblc tO teat the

~u:tiplicstive Iepton comamat ion law infour months. A ~e

●ddxturo of - 102 can be eamily distiminhed in tbia ttn. If

tho exporbnt PMCNSSOS for SO -nths, s - 1% ●dmixtuzw s111 k

a-n =itb tb, pmqto.ed ●Ppantu9. Ac to tbe ultiute XOal of

this .xparbaot, i... tba .lastts aoattori~ remotiea, if tym

Intcraotioa 18 purely v-A, then it ●ppears poaslblo to datemirn

tkin orosm ❑eotlon to - ● 3SS to tbo proposed 30 months.

TAELS ~1

CC6T MTIUATSS (AmRox14M72~

I. ‘Slab” D.teotor

(1)

●

(2)

(3)

(4)

(s)

P18stlc Scintilla,tor (NEI02 or N211O)

SiZO: 24-1X 4S” X l~’v x4x32
Total ilmsn: 3. 7S rnetrio ton~ $6o X.

2)1 Phototubee (RCA-4518)

Tatsl Number: 33x 24 -76S
unit cost: $73 $66 K.

Lucito Lightpipem

w=. : 24- X 6“ X li” x4x32
Total Uamll: 0.47 m.trla tons $21.

9bur cap thin foil spuk cbsmbor nodules

sic. : . 48,, ~ gal, x 3,, x 32 Q90 x.

i) ?lactyc.nios(Lc@o) $6o X.

11) PhotograpbiO 8DparSttU $5X.

iii) Oata reduction $50 K. $115 x,

11. Antt-coincidence =

(1) S’” Pbototubes* $20 x.

(2) Anti-coincidence tmlw
(raw material, constructionmid
scintillatOr*) S4S K.

111. Ve Flux rntector+
..—

D20 (heavy water) ● $38/lb.

‘lbtal U*L3S: - 0.7S metric tons $45 K.

3V. Contbwency *

Equl~ent Tota3 - S440 x.

●Thesa photo tubes and 801E0 quantitr of 1 iquld sc int lllator ma
in timid from Prnviou8 ●xperiments.

‘CYIDlo s lo (dcuternted liquid soint illator) with a total msa
of - 0.50 a.trio tom wodd emt - $300 Xl.

v. Mmpc.wor* (totaldurationof experlmmt WCludinc p~paration,
?UUIIIIW ●nd ●nnlysi. )

(1) 4 Dhysiciets● 20 X/inn yr. (4 JY8.) $220 x.
(3) ~4t:.r.n~ians-mgineermO 15 K/ma yr.)

$120 K.
t (3) Dno scannerO 10 K/ma yr. (3 Y3U.)

~

BmlpLmmr ‘N tAl $460 x.

-ad lWU $90a x.

●fii9 irnludos ovarbead ●XPOOOOS.
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TAsLS 111 “
.

Imast ia
So-t tarins I S2

I
12

IWrgalis..t,hk I32+3 (y, I 7

1 1

S9-wrulixstion Sz +3 (i120) 7

I Total I so

XstiutmdIrlmbor et cvmtsm]
● I n I D I c I o i

12(6) 10(S0) I - 122(22) I - I

100 (so) Io (720) I - 1400 (400) I - I

70 (m) o (500) 100 (loo) ‘2s0(2@ 66 (66)
I

1 I 1 1

70 (35) o (500) - 200 (260) 66 (66) I
220 (12s) o (1S00) 100 (LOO) 1000 (1000) 130 (130)

●) 11 moolorator ●hMtm/wmk.
b) 0.S 9A, 700 kfoV PrOtOn beam and SISb dotoator atsMm diatmbm Of 10.0 m

APPENDIX

Th. I’Pot”Method.
(W. R. it?~p -d H. W. Snb.1)

Th. .s..nt[ti fe.tw. of th. .xperinmnt is s lu;. (S, 000
gal.) hydrocarbon scintUlatorwell shieldedIran tha ●cceleratorand

prOvldad =1~ u .NIclt.t ...ml~.r.y .ntlcotncid.ric. b]..kat, ~ _
o.arburden of 2.8 x 10 cm em . Bcforo dix.usslnS Uw cxpartnmnti
arrangement further, letus c.n.[d.r th. reactions which cm b. prc-dscod
tn tho sehitIilMorby LAMP~ neut.baa. ASaUM@ thatOIIZY%’s ●

prament in th. decsy .pc.ctrum (addlilv.laptoncon#. rvctioalaw) caiiy
two raactionm ●r* posaibla:

ve+e-*ve+e - (i)

d

V* + C*- - N~s + 9“ !2)

h cha C*S* .Jftfm tn.ltlp]kathw IaW, % ‘Saz* pr~uc.d la •~ml n~~ro
with ~ and tha.e addltiomaiInieracttona●. poasiblo:

v.+.-+v.+*- (s)

v.+p*m+a+ {4) .

V- + @t -1Bxa + ●+ (5)

Btckgruund from reactl.n.(2).nd (5)lasdkngto th. Iro.md
●tatan d N1a and Bm doe. not ●ppear to be a #eriou. pr.bl.m b.caua. of
th. =aiitbitliyof a dl.tlttctivedelayed eoineld.nca b.tw..n the inv.r.e
bata dacay ●nd the beta d..ay of the re.uit.nt nuclel:

~aa ● =1* + .+ +“* (6)

(17.6 M.V ●nd point, T* . li m.]

and

zf~ .4c~s + ●- +Ve {?)

(i3.4 Mev .nd point. 7* = 19 m.)

How.vor, p..sible partici.breakup of cxeltod N” ●nd B18 may s.riouniT

ltdtths ●narsy below which ~eh * backnrOund wO@d m~~k ●i@ctrOOo ‘Cm
tlm ●lmtlc scmtiorlng pr0c*~9.

By rmistng ZIMcncrzy threshold for dctact{onto 35MaV (ZIM
maximum .nergy avallablato tfm cioetron Ln rmetlon (2)),tbh dUft-

culty la ●urmmmtnd (Fig. I)to. Thus untilfurt!mrZh.oraticaland axparl-
moatsl cvidanc. iswditbla, W* canmrvailvoly choom OI1Othraoheld●nd

comldor only rcaetic.nsIi).{3)●nd (4),

Tha pr.scncs ofV. in the beam wtflbc quickly’r*v@~d

b tbo occurr.nc. of reaction (4). Thic raution imrecop!x.~by tho
!

● ●pact,rummid chmracterlstic doisyod cotncidanca baiwam ● pra-
ductloaand n capture.

.

●utrlnc.PTums:

Tba ●xpcted fluxof ●loctron nm!trinos from LAMPF 16
- 3 x i07 cm-’ sec-~ at 9.0 maters from tiw baap .tT”? T%... arl..

from tho dacay of kI produced by kbc ro=ctlon w ● B + Vv. AS ntid.
ti dIlttXtUr*of V. aud =. is d*ti~ined by ~. SCtUr~ Of th* l@Pt=

coowvstiem Imw. Thm VI spoetru from ~ d~e~y lS=. II(Ev*I s
tl~s (S3 - W whlIo tha V. #p@CtWIY woukd b. a (~c) = a ~oa (S3 ~~o).
#a* rig. 9.

~cted Slrnal Rat,s:

2%iding togcthar the .pcctra frao p dacay -d OM tccoU
•~etrs from V-A th,ory, w. obtainth. cr.s~ -..ctiem for tb. prOdlJCUM

d re.otk●lactrons > 3% for r.sctlons (i)and (4). Th. #. at. Elv.a b
TS2119v.

Tha cross-m.cilons for~a + .- ●. ●ppraimataly i18 boss for v. + 9-
at ●nmrgw charact~rlatlcof B d.csy. UaInS tb... crass .s.etims, tb.
ratmPC?day in 5,000 6ai lac.t.d iim from th. bun ●top ●m fiv.. b
Tsblc VI for nriouo ●nergy thr.tboidc. Th. 1i mttcr beam .bp t.
dataetor distance isdlctat.dby tb. rq-airad mrat,e.n,,M.ldkq(,,.b.dew).

Rata (day-~) la S.000 @iOllS .t Ii M.taca

v. + ●-

J:v) Ve 4 s- (Spprexblmt.) v,+>

2s 1.i3 0.07 Si

Fran Tsbl. VI W* #es Omtandmixhmof -.3% ~. 1. tha baum
viii produce ●qual rat.. for r.a.kko.s (1)and (4). Awunins ● 90% m.tron
detmctlan .flicl.ncy, ● 21% c.ntuninatlon ofV. in the bnmm IIV.8 ● si:nhl
tobackground of i for reaction 11). A SO% contudnathm(c~ct.d frmt tim

multlplicstlveIew) would c.ampletelyma.k the dmtie .c.ttwfn~ #i#nai.

De8. rl!Mon c.!th. Prouomd D.tector:

Fig. 10 IIV.. a ..h.maiic of kb. propo..d dat.ct.r. Th. cantrti
portionof UN dattctor cons Istsof 5,000 cal. of CtfI..based sclntlllatorin

ttm iorm d ● .ylind.r Z.M m In dlun.t. r and Z.81 m high. Th18 .olumo 1.
vlawod”by -400 5-inch phoiomultlpllartubes, tbrousk ● O. 13 m thlcknssa c.!
nen. sclntliiating,c.ptlcsilynuicbbv iluid.

Tha .cintiilstori. .ho..n b.e.u. e itprovide. both .I..trrnmid
proton tsr[.ts. In ●ddition,the carbon tare.tand opt!calmatching Iluld

of th kruur eontcln.r hm ●bout .s high s ihr.stmld for lIW.rs. b.{= decay ●s

can bo found.
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The in.rtfluid..rve. a dual purpom. Itm!ntmi.es tha

dapendmce of photomultIpUer aIgtmfon ●vent locationand Its-20 MeV
thlckn.os for ●lactron. d!.crimtnat*s ●gatnst Snvorsc batsdecay●vmta
whichtakuplace outsidethe d.tictor.

?hc 35 M*v cutofffor v + Co reacUons (rosctlon (2)) places

atrIm.rttrequlrementa m dctsctor renoluffoa. M 10nacmmry tbst tho
●orgy resolution of tlw dotactor kc sood ●outh to dlscrlmlmto botwaea

. > 35 M.V pulse from v= + e- ●nd a <35 M.V pulse from th. products

of ~ + c.]”.A r..ohkim of 2% or O.70 M.V .h.mdd .uffle.for thi.pur.

pose (Fl& 8).

Can much .xcellent●nergy ranolutionbe ..hiev.d? la VI.W
O( th. many f.ctors Involved,In d.termlning the energy rc.solutlonof
such scintillationdetectors, w. ●?. fc.rtunat.to b. able to ac.1. par.
~.rm.nce from .xp.ri......9 A s80 @on .yll.dric.ld.t..t., f5° cm

dlam.tar ●nd 120cm high waa paint.dwith a whit. r.flecttng.mtfill.d
with mlnarsl olibsoed .clntlllator(CW )●nd vi.w.d by 100, S-inch p.m.

tuboa, M anorfy resolutionfor t cmtrally Iocttod [tmms ray oourca
(ThC1l 2. I MaV total.ncrgyl wac 1S% fuflwldtb at halfmaxtmum. Sf

var!atlonof rotolut ion with om rgy 1. governed by photon ttatlotlcs,onc
would .ap.<t ● r...luuon ●t 35 M.V at 4.2% fullwtdth st haM nmxlmum

or * 2%. Scallng the testdetector to 5,000 gallonsand aUowlng for ffm
U.O of Improved rub.. Wifh photo<ath.d, efficl..cy of - 25% [.s compar.d

with th. test detector. tubee whose ●fflcl.xy wan - 15$) kndicat.a -330

tubs ●m required for Z% r.solutlon.

Granting that the r.qulr.d .nersy r...lutlonis●chlevabl., U

1. .tllt n..es.ary to .M!rmt. fha frsctlonof rc.coU ●laetrcmswhom cnbrgy
la totallyabsorbed, i. .. th. dete.cim .ffi.i.”.~for electron.with .“.rsy
> 35 McV. The pointher. is two fold: the electron track may not be

●.tk.ly contained in the det.ctoc l.ds. eff.ct.]and smn. of the .lectros
energy Ins. is In the form of brems.trshlun:.

Bec.u. e of fhe great .1.. of the detector“.der dls=”saiori
(3 meter. 1“ diameter) dm,e ec.mblned .ff.<t.”” . ..< 25%.

Ne”tr.. Background:

a.) # production

Accelerator neutron. of energy z 280 M.V can make *0. 1“
our sensitivevolurn.. Since the interactionlengfhfor ff produ.iio” 1.
.b.ut 170 gmlcms, our tank i. .h.ut 2 Intoracti.nlength. thl.k. W.
a..ume fh.t.11the n.utro”. In thisrange m.k. ff,.. The f,. d.e.y into
z:-ma ray. ●ach with en. r~y > 70 M.V. At the.. .nerti.. th. ●b.orbtlrn
length 1. abc.”t 50 grnlcm” . 0. fh. average, we have therefore thin.
●b..rbUom l.n@hs for tb. guntnas to traver.e. This mean. thatonly .
smsll fractionof the event. willoccur wher. bofh Eunrnms ●.cmp. wlthcut
.USmr depositing..ougb energy toexc.ed our di.crimlaator of 53 M*V.

W., h-..er, de.tg. our n.utren .hleldt. ●ttemmt. fbem
nautrom to ● lev.1s fh. expected .Ia.tle.c.ff.ctng rat. indep.nd.nf of

tha above considerations.

Tber. ●rc 6 x IN - with .n.r@.* * 2S0 WV ●t

& ~.;I. Of-90” tO ~. in.ld.nt proton beam. ” Th- f=m”vti ‘e”n ‘r”*
pafb in iron i. 21.6 cm or oqulval..tlyrho interactionlengthis 170 smlem? u

The center of our dct.ctor i. 11 meter. from the center of the bcun #top
and ffmrefor. subtend. 8.2 x 10-= ... From th..e consideration.,wa mea

thatthere s.. 4.2 x 101” n.utron. day-i with an .nar#y z 280 MeV Incident
upon tho trek. In order toreduc. this rst. t. below the O.4 day-’ .Iastic

mcattarlnasl;nal, I.5 ma:aea of IrOU ●rm r*quir*d. Sinca th~ fscllW tO
ramove. a portion of tAls ohioldIs d.alrabl. U fha background is ●s low ●

●=pected, . m.dufar shieldla neceeaary. A shieldconsistingof 7.1 meters
of iron and I metar .f I..d W.uid *=U. IY *. ~hov. r*qutrement*. Fit. 11
sive. a tentative .k.t.h of tbe required shield.

b. ) Knock-on Proton.

Accelerator neutrons can Impart en.rgy to proton. in the
deti.tor by mean. of .“ elasticcollision. Sin.. the rel.tlv.rO.p.... Of

fbe ..intfllatorfor proton. i. -112 thatfor electrons, b neutron of energy
z 70 MeV w~ld be ne....ary to ●xceed our lower threshold. Th. romOval

mean free path for n.”tr..s ~ 28o M.V decreases rapidly= md .t 70 M.V
fo, .xampI. A, i. 12.8 .m *S opposed to 1, = 21.6 cm fo, 280 M.V n.utf.n~.

The attenuation,therefore, i. enozm.”#ly larger for the.. lower ene=gi.#
(a factor of -- 10

X. for ./O~ev) ~d Ae ,hield.orrespondbvh n,Or.

effective. I%. .pectrum of neutrons res.x,n; tie dot..t.r will. *.refer**

b. very ●all below 280 M.v ..d p.~k .t ~i~ .n=r8Y. since the Pr~uctiOa

spectrum 1. decreasing abov. 280 M.V, Tb. blghor the neutron en. csy,
the sm.11.r the probabilityfhatthe knock-on proton will look likean
.I.ctroo in th. 35-53 M.V ●nergy rang.. ffW. tb*refOre cOn*erv~~valY
..●m. that.11ffm ne.t.ms s.. .t280 M.V, fhe mmdrnuc! proton .n. rsv

WIU I.ok like 14o MeV in the detector. Th{. mem~ that only ●b-t 13%

wU2 b. in our window. The .hl.ld.. designed is, therefore, SISO cc.n-
.ervative for thl.mechmd.m.

fn ●ddition,by Iookitw●tthP~M ●hap*. *O hOp- tO b* ●bl-

todiscrbninate between protons and ele.trom. =

Ca.mlc flay.and Their lmamctlms IntheDetector

●,) Coamlc Ray Muon Background

UskaI ● Cosa 8 ●ngular dtotrlbutlonfor eo.mte ray., our
cyllndrled detector ha. ●n offmtlv. am. of 20.S ma .r. A fitto tb.
dlff.r.rttlm~UO” .p.ctruni ., measured ●t mmintaln altltudcwss (3,200m)

for .nerS1.# Sreater than _ 1.5 08V 1.

1 = .0562 E-WV Cma ,.c-x ,r-~ G. V-x

ff, for &mnpla, w. had 108 gm/mn8 of m.tarid abova our d.tector, th.

resultantflux of muon. would b.

F-&-id E
@

wber. & 1. the mfnhmm energy mum which .*. p..ctr.t. IN pnlcma,
tn thisc... 1.8 G.V.

F . 1.42 x 102 .“-8 met-a S,J

Tha rate of muons thro”~h o“, d.t.cto, fn thiscame would b. (20.5 mm .,)

(1.42 x Id m-” me-a r-a) . 2,9i x 10” see-x. sin.. tie LAh5PF duty

cycle h 1/16 this 1. reduced to 1.82 x 10s ●e-’. Out det.ctm i. about
S00 MeV thick .. the ●bo.c rat. would be spread o“t in a spectrum gofng

fr- .er. ta ●bout 500 M.V. We .re, however, only concerned with fh.t
fr-.tl.n of the muons which depo.lt between 35 and 53 MeV. W. coa.

mrvatlvely ●.tlmate thl.fr.ctic.”to be .bo”t 18/500 by ●..tu-ntng.q”sl
prob.bllttyfrom M to to500 MeV. The rat. in thisenergy range is thuo
(18/500) (1.82X 10”]= 6.6x 10”...-1- S.7 x 10” day-l. in T.ble VU,
tho r.te i. evaluated for v.. i.”.thickn... e. of absorber above th.
d.teetim.

W
T’*1* V3S

sm. Old d=fm (3%brumr~ 1965) taken i. th. bsmm.nt of th. Pby.i.. buud -
Sng at -L with a 3 m liquidcclntiftatioa#lab (ottoof Ute orlghml
amitrlrm d.t. ctor. u..d .t S.v.nnah Riv. r] dew. us to chock 5h. ●be-v.

e.timatea. Th. rat. .ccn In thisdcteetc.rin the 20-40 b5eV range w..
1.3 x 10” d.y-l, U w. m“ltsply thisnumb.. by fh. duty ey.1. factor and
normalize to oar Ierger arm we get ● rate cd 2.3 % 10s day-i. This

number comparee favorably withfh.●bov..

Since the ela. ffe ..att. ring rate IS O. 37 day-i, .m overbucdeti
of 2 x 10s gmlcms ●d a“ .ritl-eoincid.ncafactorof 10” weuld pro.d”c.

● background conmrvatfvely ..tfmat.d tob. O.5 of fbe signal. Cmmie
?aY anti-coincidencefactor, of 10” hava b.en ‘chiev.d,-

b.) Rate In Ant!-Colneldenc. Detector

The effective ●rea of tho a.ti-celncldenceshteldfor a C.xm o

~wlar di.trtbuti.nof eo.mic my mu.nn is ●bout 100 m“ ... with .n
we.burden of 2 x iO” gmfuna, fh. rat. 1. (100 mg sr) (4.06 x 101ma
se.-% S*-) . 4. 1 x lo~ ..=-’. For one mI.ro..c.nd .I.ctro”ic.,the
de.d time would be O.4%.

c’.] StoppIn# M“.m ‘.

st.pptn~ muons can ●fm”late the elastic,Cafte,Ing .Ig”al,
sin,. the ,es”ltl”~cleet..n i. .“ift.d ..me m,., c,,.=ond, aft=, tha

original nm.n signal. Muon. can stopin fhe a“tl-c.ineide”eoshield,
la the inert region near the ph.tot”ba. in.ide the det.ct.r, or [n the
detector .cintiu.toru.e2f.

1.) M“o”. stopping i“ tho c.nti-eoi”cide”ceshield

SInco mot of the detector has ● 20 MeV thick Inertregion
surrounding U, the .l..tro” willbe below thre.hcdd U u pa. . . . ftmo”gh

this reciom ISthe muon top. inthe snti-coi”cidenc.r.gio”. below fha
.enaittvevolume, th= electron signal willb. acc.rnp.”ied by a m.ond
pulse In the anti-c.l.cide”c. so vetoin~ the event.

2.) M“cm. stopping fn the inertregion

The number stopplrig in the inert re@on i. ..tlnuted to b.
●bout f x 10” day. Hslf of fh. electrons in thiscase willbe going the “

wrong direction●nd only about halfwU1 b. in the Interval35 to 53 MoV.
When w. ●l.. u.a the duty eye]. .f 1/160 *. ,eSuI~ni “w~r of

elactrmw In th* #ensUlv. volume in our ranse 10 abuut 1.5 x 10*day-l.
These ●v.nt., however, WU2 be elurscte=i,ed by . mwm e“tyring th.

UIti-colneiden.a ●nd not le.vlns, An .nti-.e~cide”co f.etor~ Ioa

woufd, thare for., ha ●fflc!ent to dimfnat. tblsm.chaniszm.

c.) bw Emrsy Neutron bsbssa
.

2%1- eonslderatlon IS .fmpltfled by mw 3S M*V mfntmum

.n.rgy requlremeat. Captur. samnm raym U* below thin ●aargy.
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3.] Muons stoppintIn th. sensttlv.volumo

Tke dataetor b ●bout 500 M.V tblc2q so ttm munbar+imt
●mp is

~’” 50.0S63 X+” d E .6.86 x 10-’ cmm...~ r-l
4.0

or (6. 86 X 10” cm- SQC-> sr-~) (20. 5 mt s.) (8. 64 x 10* ..c day-i)
- 1. Z X 10’ day-i

Those ●vmts WI1lbm cbaractarlmd by a Isrgo s!Insl●me
mleros.conds ●arll.r. X wa vato wary blockof tlnm 20 micro.econd.
aft.r .ucb ma .v..t, our dead tlm. would bo only O.4!$-d tb. m.chwd.tm
is .U.ctlv.ly .Ilminat.d.

& ) Nmtral component

Z%t flux05 n..tron. from cosmic rsys at tiu ~PF altltuda
10 6 x 10-scma ●ee- r-; for .n. r#l.s abov. 200 M.V. ‘m ‘?bb ImpIi..
● rat. la our ta.kof (6 x 10-3) (10’) (20.5) . 1.23 x 10s m.c-x = 1., o6 x I@dsy -t.
Dlvldlng by the duty .cyclo, W. @ 6.6 X 10*d-y. To g.t thlodown to tb.
Iav.1 of our ●lmsttc scMtorlng signal(0,4 d-y-x),w. need ●n att.auat!an
of (6.6 X 10_m)X (2.65)or 1.75 X 107.. Thl. In@., u ov.rburd.m of 7..8 x

IN @/an”.

cost E9tImat9s:

Coat .sthnatcs a,. sIvm in Tsbl. V222

!ZQUIPMENT

Tub.. 5.000 caIlondatictor 400 ~ $1S0

ultIc0ZncIdm0c9 2500$150

Scl”tIIZstor Nquld SoroSalloas 8$3

anticoineidanca. (13,000 gallons]

5,000 ss210ntank dnt,etor

Anticotncldoacs tanb .

Yil*ctrOnlcn

COntlng*m.y

8ubt0ta2
.

~WttR* ,.

S ~yslclstc ● Y.OX/man yr (4 yt9)

2 taetudcfans/e@aaera 25X/maa Yr (’ Yr9)

1 Scsaamr 10X/yr (2 yrs)

rti

0rM4 Tti “

● tihdm a2twmhaad

(1)

(2)

(s)

(4)

(8)

(a)

(7)

Pm NENcu

X. K., Chant (OC!-1OP19-47, internal raport).

.6022

.402(

91532

.3922

.35K

.2522

-’ox

.-

269 X

.Y.40X

=Xzox

=%

3M K

649 K

25. J. St.lnar. p’hys. *v. Lattora ~, 746 (1970).

r. Roinos and n. Gurr, Phyc. Rev. Lattazw ~ 1448 (1970).

n. B. Stothms, Phyc. xv. Mttcrs ~, 538 (1P70).

R. P. ?4yli=0 and X Ocll-Um3n, Pby-. Nov. ~, 19S (1958);

R. x. Utrsbr.b mud Z. C. G. Su*rsh~n, FhYs. ~v. ~$ 2*o

(1938) .

22. G811-22m!n, 22. GOldbm%mr, N. xrc.11, 8ad ?. X. m=, Pby-.

Bav. ~, 1510 (1969).

-8 univormsl V - A ‘2fmory, tha difforontinl oress ●odtiom

for r9ao t ion (1) is

and tho total omss saotlon i9

(a)

(0)

(lo)

(11)

(12)

(23)

(14)

(26)

(10)

(17)

(10)

(lo)

(30)

[11)

(22)

(23)

(x’)

(25)

wtmre

~ .&ma
.-a. sxlo

-4s
on

08= ,

.

T. is th. l-b kinetio ●norcy of tho rcooil clmztron, ~ ts

ttml-b ●ncrgy of tb. hold-at acutrho, ●nd o i. tha ?si9i

C.ouplinc Oonstmlt.

Xxp. atod natrltyo llama ●t 2A12P?O*D & found 1S tho .

0rl@8al design book.

‘iho frsction of w ●nd p decays infllcht t- SUI1.

This rn!iuiroawit may Ym vsricd, ●.K. ons could Zwquirc ●azh

Oount-r to ●ccopt pulsas fyem tho pssca[. cd mhdmum ionlsln’

part iolo~ (or SUI lcr, down to wsc f &~d tbredmld).
.

21m threshold c.n bs T.riod in .n.ly.l.. Wltb . thr..fold

eoiaoidmce for trlacaring and =Y.nimm PU1SD8 of order 2 UeV

fr08 ●soh aountar, ●lrctroa. .ith .a.z.27 sr..t.r thmn 12 M.V

will b= acocptod.

O. Yminbarr and S. 5folnbmg, Phys. nav. Latt@rs $ 381 (1961).

Talc daslrn report, ?tg. B., p. IV-92.

YSIG dasizn report, ?ablo Cl, p. IV-PY,

22. Fmtara, Cossic Ytsra, p. O-225, Part 9, Clmptar 19 of

Randbwk of Pbsaics, ●dited by X. u. Condon and fl.Odlshas

(New York, UcGraw-Nill, 1958): sea also Xbrlmyan ●t ml. ,

J2TP 25, 4d2 (1902).

S. Ifnynkawa, Commio 21nTPhysics, p. 374 (lY@wYork, viloy -

IntGrsciem*, 196 S).

~. J. Xelly, and U. iibmmll, ~ys. Rev. Lettor8 36, 145

(1966) . lha fraction ~ holds -t ~ - 15 UN. Yor b lghar

noutrino energies, this fraot ion sppromcbas 1. ThUm tha

●stimst. d rat. mm be as much M a factor of 3 larfar.

Preliminary information indicstos that as mcny ●s GGS of

tho rosctions ■ay xc. by pmrticla emission. Xclley mid

tiberall ire currently in ths procass of ●xtsnding thair

calculations to lowor snerrias. (n. fihrall, privato

c-nication) .

2.2
l%, cross ssction umad boro to QStl=sto tho V. ● C

bsakground WD- osloulsicd by 22. Clmn (R-f. 1) .

This summes ●n 0.3 U, 700 kW proton M-= reaches tba

beam dump. (3.Al@? user. Group Kcwslattar, ~, 1, Ihrcb (1071)).

YS1O dssign xaport, ?1s. IV-13, P. IV-47.

L. *. mat, Phya. Raw., ~, 913 (1966) .

Tbo ●dra ●ffcot100S.<10S, hr.-s trshlung losses c3GS.

A Preciao massura=cnt of thasa ●ffcats can ha rondo usins

tbo aottml detaotor to ●maaura tho muon dccmy .1*c tron

●wotrum with co-do rsys. 12inco tha dacsy ●pectrum 1s

poskad ●t 52 UOV, rsther than dao~asint tosaw atthis
●ugy madoss tho v. rccoll spaotru, its wamuromaat

in ● ●oat savor. t-at. 3uch s =aammamont =ado with ●

Yo2ativoly uall dotactor (7S ~ cyllndor dia=tor) cava

an”●ff~oianoy of *.2 for dccny ●lmtrons in tbd rmm

35 20 53 Mev,

Yal@ dcsicn report, rig.B-4, P. 2V4S.

Yal@ dcsisn ruport, ?ig. C-1, p. IV-W3.
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,.
Attenuation of light pipe (x 0.3.3) fi i=~uded.

Aesumes tlmt photccmthoda aren CQual. edge area.

m: i .2= isrealistic for N3102 (foe.tnot. ;0 Crabb et al. )

~10 is supposed to b. better.

Wa US* k -1.0 m ●c the W1’mt cam,.

V1OW Short edge with six 211tubes (44 u senaftlvo diuoter,

20X photocathode efficlenc~)

Xumbar of phc.toeleatro~ - (104ficv) x (o.01) ~ (0.s7) x (o.2)

- 7.4/llev (Wa-st e... )

Dmrossa by fmator of 2 to allow for uneartslntiss -3.7 photons/uoT

7 MW/dsb (minimm ionix. ) o A 2@

so u-v ●lcotmx (ntoppetl) **1%
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No. 53 - “Observation of the Electron Neutrino at

LA14PF”

R. Davis, BNL; E. Fowler, Purdue U.; and
S. L. Meyer, Northwestern U.

,

mnrntial or theslostrm Rmtrim St IAm?
T3tb&3&$u@mlt

●

Iltte: Much 30, WI

- —m

29- b..:
NmtrlnO (be- ~ -d) ““

C4cam-I Ck..l (w -1 I

k“ nwl-=.”t., . . . ... .
* .C B* IC1.,

.

tint- Wu.1
*.,- Mt.,

Sal M Awl. !
#jot St..,

Cllttu.. x
l“t”l.lir
w., ?UIW

%,..: (.1!

rrL-sry1.L. R-W1r..mt. [Wt. w tec.lmmt. MI lk ..1. .CC.l.r.b.
WC., SWh. . ..I$.W, t.k?. it,, . . U.1”,.sl ,.10. <M”.t.tl.ti..)>

nxximm int.endty, W720 Nev ~ ~-
B.tnlm !,., Ke+t:k,

Xnslall.t,mn-- Icq.lrti (., 8?4, 3 -the
W,,..T ,,.%(’,”. ,.:...1:, &uha... “..1.1)s
~t. ti ICIK,,lIWC .::i A, .f b,... .C-M): 20-30 *. P mm

9UMRY 0 K4Klmmw

we Fm.aw to utilise tbe reactlm
“ , ,.137- J7* , ●-
.

todetectthe ekct=m-na!tria. (as d18tin@imhe& frm the elmtrm-

aatlneutrino) d to .* the qwstlca of vhether the mm

am-kc! l.u la am addltiw mu m ● mltlplicstlva W.

Tbts ~ v3U amo xOvidm s cckibratim of the noutrbo

flue fra the dtmy of 9twp0d ranitiva mm. in tie &m stop ●

mll M a check ai the ●ah enexw qctnm of nmtrkx fka

m dccw .

W. ~w.. to dies.s td Of WV-d nkgd.km M c2 c~

mad thaW!2V beam -. W* ●.tht.. s flux of4x 107/ta2-.ec

●lentrm-mutsiims at , di.tmlx of 10 m?tar’ to pralum . .i@la.lrate
& 7.5 emnnt.Mlc28Ucm-day. l%. equipmnt required i. quite modth

stnce tie rtdttianleal techniquei. identicalwith that uc.e&in .aumct.l.n

with tie solar ncutrfn.e%rimd and axiti. rd.Ec.akhnvenR.ticmsl

Iabaat5y . Required fcm the IANIF In.ttllstim i. tb neces.ary

fMMhin# d Phzobingf- IL5Verti Icilogdkm d ahlelding from the

hew mtap adequateto eliminatethe Pa..ibility of fad mutrm. .nteriw

U!a W u =11 u & mffleient n!mbtr of Intcsactim lcnsth. @. .etem

ircm-equtvalmt) to elt.ninmta th. mcle.mlc .mpmec.t or the c.601c

mtim. The rcsiax.1 ba.kuiwmd due to emuie.rw.mu-m-inducefJ

elwta Is & ttmt the beam tti rquired to menme tie =.n.-aectim

of ths reactionof ticswt to @ la estfnmtedto be .4 x 104

%-

kllc@.lm-

W*. s.&a40Gogal.hne %mrimcnt cam mtwe tb? 0,s- neetlca to

2*ln21dRys 0fnmuin2cnd abmltthe umeau,mult of off tima.

u2rAIx2n2TNmwa’w ?s3 EtmIm

ma Mutrillo ●tin-y W9N tiost Zm.simdgfwr deea.le. of *SIC.
hic.tcmy. Fwall flr.tintrcduek tba Iflea& . Xu.et.r.tirw mutd S.dicl.

Of TEIY mall =9S St U ~tiCUl I&v-id 8cci.tY metiq in Jme , 1931 all

rerml tnmrwmted the mutrlno into hia the.ay of beta dccaY’2a 1934.

ma ●ldatrm—ant.~ vw dlmcbly detict-a~ by Retries and cnrmz

in 1%6. lba factthctthe clfotrca-neutrinoend the el.ectrm-mtineutr3no

art Aistlnct w.. ahwn tv Davi.’in 1955 and by the abwnce of nrim.

II&le-betn4ecay pfom..e. (iznming tlm ccce*iaml citatim of Po.ltim

results for thi. latter serie. of cxptrim.t. ). me n=mbmrvatim

of the elmtrm-mmn and the Uire=-ele=trca decAy .&e. of the mien

kdicate.1 thepa.eibiLtW of the ●xlatence of tw .alc.tinct mutrln.s,

dectrm -neutrinos mnd mxa-neutr in... ‘me det+tim of Wlal-aeutrinoe

u d.tmtinct frm el.cctrm-neutrin.. IN uoanPuch.d by tbnby, cc211ard,

kmUano% Iede-, Kistry, Sclmnrtz and Steinb.rger+ln 1!362. since

that the, CaWm-neutrlno. WI Mum-anttie.trinoa b.ve been ●%xerire.klly

.ieticted.

ma experimental gaps currently -let. First, the elcctrm-neutrin.

hm not yet bee. So.itively identified to exitt save . . a poa.ible backgromd

in =T=~nt* .t h~-n=w accele=tma. 2ecmd, the -t=. of the

km Cmaemtim - til.h obti. ~ ~~ 1.*=+-i~s 1* nOt yet

ctilfied.
s

‘fm twopo..lbilltle. tich cxi.t are the nddltive leptm
b

.mserwti m law and tb. wltiplic.tiv.. At Fre.ent, both are cm.istcnt

titb apcrimnt . It@ detnile.1 atatekcnt of the tam Possibltitie. 1.

oatlined i. API&Al% A but the ml-lent results me a. foil.afe.

TM dditin M Pemtts the decq

J-e++ ve+?o (1)

& fca-Md. the deew

@++a’+vo+v
v

(2)

Wbefeu tha mlttpllastiva ISIItires both and curie. the tmpliaatirn

that ●wh kwcy tie lm ~aaent 50j of the tti.

TM trerlsltim

P+ + e-+ v- + e+ (3)

luaidm s tat of the additive and cultipllcatlve oammtion law

?
#lmoe this ?aumlm-antimmrdun” tranaitia! i. fmbMden fcr tbe adcutlve
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lmlfbut mblmd ?= th Nltlpllmtiv. 2SV. A ,Mlu 81tuttim Cbtatnl

in tha cam of the wae..
r

●-+*- +p-+ ~-. w)

llma. reaati.ns have so far Wma to ha laccacl..lve cmc.rdng

tha additbe-mltimicstive UW3.tial.

v. wopc.seto we the reaetica

“, +Cl 37 *&= + .- (5)

to &teat elcetrm-n.utrinos, ● tibnfqus first suggestedby Fmteeawo,

dlbcxattd m bf Nvarez ti dexelw bf !)?,”i, .

Thls ?-ctlrn la dlcmed by bcth tha addttivs d miltiglicatlv. law.

WWram the ?’uctka

Te +c137. Ar37 +.- (6)

to COxu). w. p-ope.e to vs. tb. CAM9 bet, .iW .s a .amc. Cu

●lKtrca-ncutrknw * rr.actica(1). Ztms ofbotbChawea U-a Juolixcd

la +& bcu d- by hdrmlo tnteractlm of tbe ~ lrotm baa=.

a thOS* pim tich .20 mt 2rItemctbermStcpplng,allyths pmltin

ptau till mwi.. to d- tit. pmitiv. mm.. m+ .tmPlnz

negativo piam tiU affectively d.1 h cwtured a the heavynulei in

the bcu W befm decwtnc. Tbo baa- 6W 1., tiere.f=e, . .c9xc.

& StopSe& Padtivamaw. mu Wsitin =JMs till ~ ~w ~
AKW tia tbawi9 (1) if tho dditivwImtrn cam.rntion W.

holds cat by botb (1) d (2) K tha Bultiplicatim 3AU bold.. It

ka hen lmpam~ by may other- to secrch <m retiims cbtusctartstic

of (2). A cull result _ lndleata tlw aai-oxmnco af (2). To

ccmlete th. 1*c, an ~tim of (1) is rc-@red tiich cur PTqwmd

cxprtmentti mofide, . . wll u . verifimtim of fh. exict.nce ef

the .l=trm-mutrtiO. k exz.ertment alto rxwi~es . mllbratica of

tha n.utr2n0 flux usetil b the .lectrm-antincutrtn. .earche. u well.

TM C137 ncutrlno captm xesctlm 18e. very imp-artmtme for
?

u~i... - ~ =~ murrent lawvides ● tarremtrkl te.td the

s41Ysic# at the rewtim itself, independent of the .str@w.ical cmtext.

)aotbcr qucstim tiicb ti21 be xmb-xl by this .xpdmmt cmcems the

dckilsd n-t=r of raactim (1). At tba 1S65 IntCnUtiUUl CdCf=C. ~

weak Intamctlcm. St Awmn. Rof. V. Telc@ %inied at the “ctrcu2mitY”

cd ~ armment. detigned to vertfy the V-A theav. Ke quoted thecmcldsim
n

of I&s. C. Julskoc to th+ effect ttmt w vwla not mdemtmd mm decw

mtil UI* neutdao UUC snti-neutrlno sFtrc -e uasur.d. W. do not

here 2WV-X9 s D2UUZCIWnt 02 the SXCtrIM but, rmthmr, ● check a) am

•~iau ●bmtttmSPmtrtm. We us. “V-A .th*m-y (end nuclear W.ic. )

to till U4 *at * cms.-mectica 1., . . ● titica of umrw.

w. Iu, V-A +JI.a-j to f== h Calvolutlm a? tlw =Omm =Oti- ad rl=.

~. *.* . ~etica bmlvind ta. 2undumn+Al ust=2M=~ M ** v-A

*a-z. w--” ~ nuce9Eatwumti=-~w butd

r9QutraOt&rM~.’ia lCCU* +& #aJrc* of tho dl~--t.

wA.19 us b,. .,.-d M ,ddlti”. l,PbZl.al,.nttic41 ~ and tA9

Umml ?.mt theory or W& lntel’wuma.

12ia czom●eetimfor tb. rm.tiai: v. + CN .Ar37* + .- ‘W,

w Iw4bl.y ●m *9 -WC of th nwtrim WI,*

a --0 [Htif ?(2,?,) *.1.

W2nn p., X, mm mmumd h mit8 ot ■. and

v - b.5 x w-@ #/c137 .ti,

Th 7arai fumtim t(Z,S) la Sn-t.d by th. eca.tant ?mlao

~.r Cln . Am” (r - 3/2, J + 3f2+)

(1)2 -3

(C# - l/~

icA/~Y - (1.18)2 N 1.4 md

[Klz“ 3.3

l%. m-x. .ectica for th. .n91w stats tran.itlm 1., tk.mf.m,
kxrese.d

over th. .olsr neutrin. cam became tlmhi&ber e.e~ v. fim p+ dec~

al ●V*=CC am - 95 ths ●a ●cfDttlv9 a, “. fm 2.8 detiy ,, ,eml f-

fi. follmlLu 841e calculatlm a.s~ all the enew depmder,a of

tile .x0., S,CURI “y b, .m3&.ppmx,m~d .a

0- K(cV-A)2

Wh,m h is tb. .“er” tbreatid for ~, ractim.

TM .v.19@ Crw, ,Cctimfor . ,8 nmtfio i, (C),.3 .

K J% (lV - A)2 f(xv)dxv

A
- K(XV - A)

t(xv)a“

whom l?, -1 at th. =imm 02 ttw ae.trim.putnm

(a)B8 - 1(s“-)% j 1q, -: )2(1- evfc: de”.

~ %x
E

Vmmx

and

(o)p + - K(c )212J1(ev.# )2c: (1 - c“) &v.%.x
+ “mu

%x

‘lb erca .octlom .v.~.d mm UI. bmxa .Pcctnm (lab.Jl.d B) and tb.

= ~ct- (~bd-led M) s,, ., fc&I,xs:

~
Zbm ●bmlute Z8ta1. obtalI19d k t.bs -S ●.ctlm W91Utd0v8r

tln *+ d- ●w.=t-l

(O)* - ‘@ c#) -0.9 x U69 (a)B8 -69 (1.35 X 10 -~ .#@37 .t.a.
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?.

2A U2 Mlouht. tbe #iaMl late f= s Mdeat amlmt of c#l)# w ‘am

n- *cb Co=resPmdl Ipgllly to 1000 U,.

n.#0fc.t37.tm - W x6.03 xuQ3xbx0.25

where the Ill@Jar of ehlorh. *tmm U!& tha lsOtc-

PIc ●bundmce d C137 jllti CLllCd in th. titi tW

fwctora .

28
- 2.li x 10 ●tans or C13V.

Letas MO th n= of V* ●t 10 mtemfrmthobeam ot.m to be

6-4 x 107fc# - .cc
I*

btiich i.c.m%etent with tier dlscusdcma but Mm tbui +27. %. Book.”

ma COmtnte is, thelefoze ,

R- #all

“~ C#f.tcu x 2.4 x 10- & x lo~ M-2 -WC-lx 0.9 x 10
28 Stcou

- 8.6 x 10+ O’fwlta/mC.

‘his is@ta clurly s feuihh camting imta titli.w@alcnlstd for

● U detector.ma mi.gbt mu think of di9pmtag +& dd.mctorla-

gnid mamd the bum dmR s. ●n t-a incrns. the flux mr tit ●-d.

TIM muelecaie ccapa.mt of tbe cosmic mdiatim matb. mad by

ohie2.diIu t.a avotd the reaction

p + C13 - Ar37 + n.

Likevime, fastneutnn.fma the &u dm? Lnd rim !@.treutun.t.
mutba rented fr.a interims the detectlm tank Imt knock-m r.mtm

b. zz’educed in the Clm. ‘Kh. &laMing fra the Lam d!mQ MY be leas

+Jun t$m r,eteiw of iIQI cquivdeat and the cwehesd shieldtrw muized

1stbe sum Bince it 1stbe number of hteractim2m.3tiu *l& inof

tnterest rather tb the mnge. COmk-rw muons stillvmduce b5ck-

smund event.UM .e eatkte these t. beof the OF&r cd &/ktk@lm-

dmy. If thn ●dditive l.s. bolls anct ar d.culatlons of uoss-mctica

ad Slut VrOve correct, we c.ball require

(3.@) z m“ Ailc@.lcm-ti

of nmnim to aet.ratm tbeera*.ectimh 6. M. ● @X-W .x-

perti caLM mmsure tba cmsa-section of 23$in 2Z daw of rmninc
utd sbent tba 9- -t of tlzm withthe ba6m off.

1.

2.

3.

4.

5.

6.

7.

8.

9.

&f CraCa

K ?.mi, Z. mik @, 161 (193k).

?. lbinaa and c.L. Cmmn, Ccienco&, 103 (S%).

n. KWis, Rly2. Rev. ~, ‘M (1955).

O, Ianby, ~., Pays. Rev. Catterc ~, 36 (15@).

CeO, B. Vmteccm,00viet2WC1CSJrm@,$34(1S68).

O. ?.inberg,u.d S. Weinberg, Riys. WV. Lnttera ~, 39A (1%1).

J.J. Axata ~., PIwa. Rev, 2a$taxs ~, 1709 (1968).

V.c. cuber ~., *. Rev. tatters g, 502 (1.969).

S) J. mhcm, .Yci. Am=. ~, 28 (1%9).

b) R,Z. 24hster, Cmmnts m XUC1. -d W. ‘WC. Z, 87 (1*).

C) J. ZdKAU and 0. 6bWiV, AstroF&ysics Jm. ~, 133 (1%8).

d) R. hvlm, Jr., D.S. timer, rmd K.C. kffimn, m. Rw. Iettars

20, E-25 (1968).

o) J. 2shcsl.1, FA. 2r.hti and c. 8M.vIv, ~. ~v. ~tt. ~, ~9

(1s68) .

f) V. oribm rmd B. Rmte.orvo, W.i.. htt. ~, 493 (1%9).

10. Roe. of tb. Xnt.rnatimd L?mrez.mce on Wak Intmact.iaIs, G-Sober

23=7, x%5, Aigaule thtimal 2abmatory Axwmc, PP.352-1, 364.

Il. C. JarlAo&, nuclau’ 31V. ‘& 659 (1964).

22. ror tie, th eetactim of dactm neutr!non in ne.t.ri~ or cu-

bm= would hv. ● ~iffarent desandeme of crom-.ectlaj on nmtrina

~- Ud ham wuld tv mensitive, tcgether with the retie ~eaS-

~o ti tlm Merw Wectmm of neutrinos * mum de-. meae r.-

tiiom am discussed & Ihited 2ktm xhnl OrdinuIce Iaboaktory ll.a-

W nudwr 11.3, TX %-~, Xwtrino Abcomt imln#and C=by

?aanaim J. 2sl.2.y.

Aa* *.3 E.Q and Uberm.1.1, ‘llys. WV. L=ttelm g, 2.45 (A*),

hr IAT and B30
ma 2btne# and Weds, m . &v. X4t-axa &, 20

(1%5) ~ ‘him. and XMDP, Fhyc. w. Lnttnr,x?,$~(1~).
13.J.2Ad.i,2to’s.ruv.~, 2131(Mfw.

I

I

45



3a, and up Uw S9$W4* WMw,d.

Tlu ●nwult 1s “ f0un9s,

-1 -1 0

+x +1 0

-1 -1 0

0 +1 +1

.crwd. (Um tix ,- (-l)mpi. oau.rnd) .

- u#@mmtb u f.al.lm8:

% !!4 5
P- *1 +1 -1

P+ +1 -1 -1

+1
‘w

+1 -1

y +1 -1 -1

●- -1 +1 +1

.+
-1 -1 +1

“*
-1 +1 +1

< -1 -1 +1

llm raactlm p+ + .+ +;= + ~ omserre. X(NP + K.) (lapt.n mder)

ma Calsa-v,. tb. .lga (-1) * (-1 + .1).

The rotctim ~+ * .+ +< + VP -enem hptal Ixdmr Z(RP + l.) and
m

001.w’vm the .* (.1) ~ (-1 . a).

L!kcvis., ,. + (23 + Ar37 + .- b LLlml,a by th, NMlpllcatlv. &

but < + Clz * A# + ●“ i,fcmbiddm.

ltm t?uultic.a 11+ + .- + p- + .+ i.dknd by tbnmltipllcstive

rll14 (+1+ +1).

In Wm41rf, then:

M?s!s?l As&@ nu.ltinl.i-t1..

~+. .++vm+~ AUmmd AUcued

*+.t.++<+v ?ofbitEen A1.lnmd

,* + CP .0 @p+ .- Allmmd ~

< + cl~ +A#+.- rmbiddm Tmbiddm

:

4

KT/pti 770 (500)
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